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the engine is controlled by adjusting the thrpttie open- 
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grammed to perform calculating a desired value of the 
intakes-air quantity based on engine operating j^hcH- 

" : tions, In accordance with a pf edetehnlned time-delay 
characteristic between initiation of adjustment of the 



he with valve timing 



throttle opening and an actual change in an internal 
pressure in the intake-air passage. The microprocessor 



based on the operating conditions, and setting a target 
intakervalve closure timing at a o basic intake-valve clo- 
sure timing, when the first control mode is selected 



by means of the microprocessor, the target throttle 
opening is set at a predetermined throttle opening, and 
the target Intake-valve closure timing Is calculated 
based on the desired value of the intake-air quantity. 
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Description, ■ ' ' 

BACKGROUND OF THE INVENTION 

s neMoftheinvgntten 

[0001] The present invention relates to the improvements of ah Intake-air quantity control apparatus for an Internal 
combustion engine equipped. with a variable valve timing system capable of ejectronlcaliy arbitrarily controlling an 
intake- and/or exhaust-valve timing depending on engine/vehicle operating conditions, and specifically to techniques for 
« 10 controlling engine power output (a quantity of Intake air entering an internal combustion engine) by adjusting an intake- 
valve open timing (often abbreviated to *IVO*) and an intake-valve closure timing (often abbreviated to "IVC*). 

Pesprlpflon of the Prior Art ' ; •'■v 

is £0002] In recent years/there have been proposed and developed various electronically-controlled variable yalve 
timing systems Which are capable pf operating Intake and exhaust valves electromagnetlcally. One such electronically- 
controlled variable valve timing system for an internal combustion engine haying electromagnetically-powered valve 
units has been dlsclosed ln Japanese Patent Provisional Publication No. 10-311231. In the Japanese Patent Provi- 
sional Publication No 10-311231, each of intake and exhaust valves is comprised of an electromagnetic solenoid valve 

20 whose opening and closing are achieved byway of an, electromagnetic force instead of the use ota typical cam-drive 
mechanism. Thus, an intake-valve open timing (IVO), an intake-valve open timing (IVO) r an exhaiisfcvatye bpen timing 
(EVO), and an exhaU^-valVe closure timing (EVC) can be continually changed^In response to command signals from 
an electronic con^ a variable valve timing control system 

having eie<^omagnetically-^ an intake-air quantity can be adjusted by property controlling or man- 

25 aging an intake valve timing (iVO and/or IVC),iri place of throttle-opening adjustment. In this type of engines with elec- 
tromagnetically-powered engine valve units, a throttle yalve is often eliminated, or a throttle valve Is installed on the 
engine only for the purpose of generation pf a negative pressure in an lnt^ke^r message. Suppose an internal pressure 
in the inta^air pas^ at an extremely 

less throttle opening In this case, the intakerair*quantity control system Ibased on adjustment of an intake-valve opening 

30 time period (a time interval between iVO and JVC) is superior to that based on, only the throttle-opening adjustment, 
from the viewpoint of reduced pumping loss and reduced fuel consumption rate. - . 

SUMMARY OP THE INVENTION / ' ^ 

: , 35 [0003] lp. the previously-described internal combustion engine With a variable valve timing system capable of elec- 
tronically arbrtmrity under a particular 
ponditton in which an Internal pressure in an intake-air passage is kept at a pressure level substantially corresponding 
to a^b^herid p 

: compared to an internal engine utilizing the throttle-opening adjustment to provide intake-air quantity control. This low- 
40 : ■ ers gas flow {iri-cy finder mixture flow) In the combustion chamber, thus lowering the' combustion ;stabl!ity. Each "car now 
has Jan evaporative emission cphtrol system fcs one of autornc^eWnf>lssi6n control systems. This is a system that cap- 
tures or traps any fuel vapors coming from a f uel tank anB £f£^ 

evaporative emission control system for an internal combustion engine, "has a carbon or charcoal canister filled with 
activated carbon, or charcoal for temporarily storing, trapping or adsorbing fuel vapors emitted from a fuel tank, and a 
- 45 pUfge^pontrol valve disposed in a p\jrge line connecting an induction s^emwH^^^ Generally, the action of 

ciearing or removing the trapped fuel vapor from the canister Is called purging*. Usually, when predetermined engine 
operating conditions are satisfied after the engine isstart&d, thipUrgd^ntfol valve is opened and ftus/engine^yaipuum' 
(negative pressure) Is admitted to the canister: Thus; the* engine vacuum draws fresh air up through the canister, via an 
: v ^ flowing through. trie-intS^ fuel vapors;; £hd rertibves the 

so trapped fuel vapors from the canister f andthere^fter the purge gas Is burned, in the combustion chamber. As discussed 
: r * above; *the negative pressure lot "ptrrgmg" is necess^^ intake-air 
/^/fWottie'^lye (simply^ a throttle) in an intakie-air p^ quality 
deteriorates, for example; during cold engine operation, the Intake-air quantity contrqlsystem (hereinafter referred to as 
a *!fir£t cbntrol mode system") based on throttle-opening adjustment : is effective; because it is possible to increase the 
' : --:S5 . flow Velocity qt^ 

ative pressure level by controlling or managing' the intake-air quantity by; means of the throttle. The intake-air quantity 
control system based oh throttle-opening adjustment enhances tta quality uhder the first specified condi- 

tion On the other hand, under a second specified condition Where the combustion quality (combustion stability) of the 
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engine Is good, for example, after engine warm-up, the intake-air quantity control system (hereinafter referred to as a 
"second control mode system") based on adjustment of an Intake-valve opening time period (a time Interval between 
IVO and IVC) and/or adjustment of an exhaust-valve opening time period (a time interval between EVO and EVC) is 
effective. This Is because It is possible to lower the fuel consumption rate by executing the second control mode based 

5 on adjustment of the intake-valve opening time period and/or adjustment of the exhaust-valve opening time period while 
maintaining the internal pressure in the Intake-air passage at a pressure level substantially corresponding to atmos- 
pheric pressure with the throttle held at an extremely less throttle opening. However, In an electronically-controlled 
engine which Is swttchable between the first and second control modes during operation of the engine, there Is a ten- 
dency for a difference In engine power output (engine output torque) to occur during switching between the first and 

to second control modes. This deteriorates vehicle driveabllity. Such a difference in engine power output Is caused mainly 
by the following two factors. First, the pumping loss and combustion efficiency glveh during the first corttrol mode are 
different from those given during the second control mode, and thus there is a difference In a quantity of air required to 
obtain a desired engine power output, between the first and second control modes. Additionally, during switching 
between the first and second control modes, the internal pressure in the Intake-air passage tends to fluctuate or vary 

75 transiently, and therefore a required air quantity also fluctuates transiently. Second, a response characteristic of the first 
control mode system are different from that of the second control mode system. In the first control mode system (the 
intake-air quantity control system based on adjustment of the intake- valve opening time period and/or adjustment of the 
exhaust-valve opening time period), a volumetric capacity from the throttle to the Intake valve acts as a time-delay ele- 
ment; and thus an actual intake-air quantity (the value of the controlled quantity) Is brought closer to a desired intake- 

20 air quantity with a time delay. On the other hand, In the second control mode system (the intake-air quantity control sys- 
tem based on throttle-opening adjustment), It Is possible to bring the actual intake-air quantity closer to the desired 
intake-air quantity without any time delay. 

[0004] Accordingly, ft Is an object of the invention to provide an intake-air quantity control apparatus for an internal 
combustion engine with a variable valve timing system, which avoids the aforementioned disadvantages of the prior art 

25 [0005] ft is another object of the Invention to provide an intake-air quantity control apparatus for an internal combus- 
tion engine with a variable valve timing system, which is capable of achieving smooth switching between a first control 
mode (an intake-air quantity control mode based on at least adjustment of an intake-valve opening lime period) and a 
second control mode (an intake-air quantity control mode based on throttle-opening adjustment) without any torque dif- 
ference during operation of the engine. 

30 . [0006] In order to accomplish the aforementioned and other objects of the present invention, an: intake-air quantity 
control apparatus for ah internal combustion engine with a variable valve timing system comprises a throttle valve dis- 
posed in an intake-air passage of the engine and controlled so that a throttle opening of the throttle valve is brought 
closer to a target throttle opening, an intake valve disposed between the intake-air passage and a combustion chamber 
of the engine and controlled so that an Intake-valve closure timing of said intake valve is brought close to a target intake- 

35 valve closure timing, and a microprocessor programmed to perform the following: 

selecting one of a first control mode in which an intake-air quantity of the engine is controlled by adjusting the throt- 
tle opening of the throttle valve, and a second control mode in which ah Intake-air quantity of the engine is control- 
led by adjusting the intake-valve closure timing of said intake valve; 
40 calculating a. steady-state target engine torque based on operating conditions^ the engine, the steady-state target 
engine torque indicating a[ steady-state ^ 

calculating a target engme torque based on the steady -state target engine torque, the target engine torque follow- 
ing the steady-state target engine torque with a predetermined time del^, 

setting a steady-state target intake-valve closure timing at a basic intake-valve closure timing when the first control 
45 mode is selected, the steady-state target Intake-valve closure timing indicating a steady-state target value of the 
intak^v&lte clos^^ ' ■ ' : . 

calculating a steady-state target intake-air-passage internal pressure based on both the steady-state target engine 
torque and the steady-state target Intake-valve closure timing when the first control mode is selected, the steady- 
state target Intaike-alc-passage Internal pressure indicating a steady-state target value of an internal pressure in the 
. so ; intake-air passage;/* Y.;:- ■, -V: V.- •" r •'.'•:-" t - : "'' 

setting the steady-state target intake-alr-p^ssage Internal pressure at a basic pressure when the second control 
mode Is seiected^^ \ - ' ' ' ; •' 

calculating the steady-state target intake-valve closure timing based on both the target engine torque and the 
steady-state target intake-air-passage internal pressure when the second control mode is selected; 
55 obtaining a real intake-air-passage internal pressure, the real intake-air-passage internal pressure indicating an 
actual internal pressure 'in th$ il^ke-airpas^ge; • A 're- 

calculating the target throttle opening, basied on both the steady-state target intake-valve closure timing and the 
steady-state target intake-air-passage internal pressure; and 
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calculating the target Intake-valve closure timing based on both the target engine torque and the real intake-air-pas- 
sage Internal pressure. 

[0007] According to another aspect of the Invention, an intake-air quantity control apparatus for an internal combus- 
tion engine with a variable valve timing system comprises a throttle valve disposed in an intake-air passage of the 
engine and controlled so that a throttle opening of the throttle valve is brought closer to a target throttle opening, an 
Intake valve disposed between the intake-air passage and a combustion chamber of the engine and cbntrolled so that 
ah intake-valve closure timing of the intake valve Is brought dose to a target Intake-valve closure timing, and a micro- 
processor programmed to perform the following: 



10 



selecting one of a first control mode in which an Intake-air quantity of the engine Is controlled by adjusting the throt- 
tle opening of the throttle Valve, and a second control mode In which an intake-air quantity of the engine is control- 
led by adjusting the intake-valve closure timing of the intake valve; 

calculating a steady-State target intake-air quantity based on operating conditions of the engine, the steady-state 
is target Intake-air quantity indicating a steady-state target value of intake-air quantity needed when the first control 
mode Is selected; • : . * 1 

calculating a target intake-air quantity based on the steady-state target intake-air quantity, the target intake-air 

quantity Indicating a target value of Intake-air quantity needed when the second control mode is selected; 

calculating the target throttle opening based on the steady-state target intake-air quantity when the first control 
20 mode is selected; • 

setting the target Intake-valve closure timrnig at a basic intake-valve closure timing when the first control mode is 

selected; .;"■";» •< *■ 

• ..; setting! the target throttle opening at a predetermined throttle opening when the second control mode is selected, 

the predetermined throttle opening indicating a throttle opening of the throttle valve at which the Internal pressure 
25 in the intake^air passage becomes the basic pressure; and 

calculating the target intake-valve closure timing based on the target Intake-air quantity when the second control 
< mode 1$ selected. I ' \ f \' - 

BRIEF DESCRIPTION OF THE DRAWINGS 

" JO(^ • ' , •' [■ •. '--^ 

hg : 1 is a system annngement of an electronic engine control system (an electronic concentrated engine control 
system) to which an intake-air quantity control apparatus of the invention can be applied 
35 Fig 2 is a longitudinal cross sectional view illustrating an eledtromagnetically-powered engine valve unit employed 
in the intake-air quantity qontrol apparatus of the embod^ 

Fig. 3 is; a flow chart illustrating an jhtake^alr quantity control prpgram executed by a microprocessor (CPU) incor- 
porated in an electronic control Unoduie (ECM) employed in the intajke-air quantity control apparatus of the embod- 

40 Figs. 4A - 4E are time charts showing variations in various engine and vehicle parameters, namely accelerator 
• T !;.•; opening (^P$^ rP), infeke-va^ 

•• (stlVC, tlVC), and throttle opening (tTVO), obtained when the System operating mode is switched from first to sec- 
ond control mode during execution of the tntake^air quantity control program of EIg. 3._ ... . 
Figs: SA - 56 are time charts showing variations in various engine and vehicle parameters, namely accelerator 

45 bjf^hihgXAPS), engine torcjue (sjfte^ internal pressure^ (stP, rP^ intakeTyalye closure timing 

(stlVC, tlVC), and throttle opening (tTVO), obtained when the system operating mode is switched from second to 
first control mode during execution ot the intake-air quantity control program of Fig. 3.. 



' >50 




• Fig 8 is a characteristic map showing the relationship between £ throttle opening area Aa corresponding to the 
drlver r required engine pow^r output ^ncj an accelerator opening or accelerator o^p^ amount APS. 
Fig. 9 Is a characteristic map showing the. relations hip between a volumetric flow rate, QHO and a parameter ANV. 
Fig. 10 is a flow chart illustrating a . subroutine executed at step S700 of Fig. 6.: 
55 Fig. 1 1 is a flow chart illustrating a subroutine executed at step SBOQ of Fig. 6; i 
' r =Rg. 12 is a fiow ch^ 

Fig 13 is a flow chart illustrating a subroutine executed at step Si 006 of Rg, 6. 
Fig. 14 is a flow chart illustrating a subroutine executed at step SI 1d0 of Fig. 6. 
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Fig. 15 is a characteristic map showing the relationship between a steady-state target Intake-air quantity stQHOI 
and a parameter ANVm. 

Rg. 16 Is a characteristic map showing the relationship between a coefficient G and a steady-state target Internal 
pressure stR • 

s Fig. 1 7 Is a characteristic map showing the relationship between a target throttle opening tTVO and a throttle open- 

: Ing area At; . 

Rg. 1 8 Is a flow chart Illustrating a subroutine executed at step S 1 200 of Fig. 6. 

Rg. 19 Is a characteristic map showing! the relationship between a maximum Intake-air quantity QHOmax and the 
steady-state' target Internal pressure stR : 

io Figs. 20A - 20E are time charts showing variations In various engine and vehicle parameters, namely accelerator 
opening (APS), Intake-air quantity (stQHOI , rQH01, tQH02, tQH03)» Intake-air-passage internal pressure (stR 
actual internal pressure In the Intake-air passage), Intake-valve closure timing (IVCO, tlVC), and throttle opening 
(tTVO), obtained when the system operating mode Is switched from first to second control mode during execution 
6f the Intake-air quah^ c»ntrt)j program of Rg. 6. ' 

75 Figs. 21 A - 21 E are time charts showing variations in various engine and vehicle parameters, namely accelerator 
opening (APS), Intake-ai r quantity (stQHOI , rQH01, tQH02, tQH03), Intake-air-passage internal pressure (stR 
actual internal pressure In the intake-air passage), intake-valve closure timing (IVCO, tlVC)* and throttle opening 
(tTVO), obtained when the system operating mode Is switched from second to first control mode during execution 
of the intake-air quantity control program of Rg. 6. 

20 Rg. 22 Is a flow chart illustrating another subroutine executed at step S1200 of Fig. 6 instead of the subroutine of 

'.Rg.-i8. "'v.;*'.-- -v' 

DESCRIPTION OF THE PREFERRED EMBbPIMENTS 

25 [0009] : : Referring now to the drawings, particularly to Rg. 1, the Intake-air quantity control apparatus of the embod- 
iment is exemplified In a spark-igntted internal combustion engine with electromagnetically-powered valve operating 
units. An air cleaner 1 02, an air flow serisor ;or an air flow meter 103, and a throttle chamber 1 04 are provided in an 
intake-air passage 101, in that order An electronically-controlled throttle valve 105 is provided in the throttle chamber 
104 disposed between the »air-flow meter 103 and the collector 107. A throttle opening of the throttle valve 105 is 

30 adjusted by means of a throttle actuatpr 106. The downstreiam side of the throttle chamber 104 is connected to an 
intake-air collector 1 07 from which the intake-air passage 101 is branched into a plurality of branch passages 108 con- 
nected to respective engine cylinders. Individual fuel injectors 1 09 are provided at each of the branch passages 1 08, to 
Inject fuel into the branch passages. A cylinder head of the. engine is formed With an intake-valve port communicating 
with the branch passage 1 08 and an exhayst-^alve port comirnunicating with an exhaust passage 1 1 3 An Intake valve 

35 11 1 is located In the Cylinder head and disposed between the branch passage 1 08 and a combustion chamber 1 1 0 for 
opening and closing the intake , port, whereas an exhaust valve 114 is located in the cylinder head and disposed 
between the combustion chamber 1 1 0 ^d!tiie; exhaust passage 11 3 for opening and closing the exhaust port, The 
intake valve 1.11 is electromagnetirally operated by an electromagnetic actuator 1 1 2, whereas the exhaust valve 113 is 
electromagneticaily operatedf by an electromagnetic actuator 1 1 5 Each of the intake-valve unit (the intake valve and its 

40 its actuator) is constructed as an ele^ 

ered ^IviB operating unit as shown in Rgi2?:A sp^rk plug 1 17 is screwed into a tapped bole of the cylinder head for 
each combustion chamber to ignite the air-fuel mixture In the combustion chamber Hot burned gases from the engine 
cylinders are exhausted through the exhau^ valve 114 into the exhaust passage 1 1 3, and then passes through a cat- 



45. ' 



alytic converter 1 16 to clean up the exhaust^gas from the engine and to emit harmless gas into the atmosphere. The 
electfonlc/engine control module (ECM) 1 20-is provided to coordinate various engine functions, such as an electronic 
, fuel-injeciion andignition system, a throttle?pf>enin"g control, an4ntake-air quantity control, etc. The ECM 1 20 usually 

: cc^^ 

122, memories (RAM, ROM) 123, an outpiifpbrt or an output interface -124, drivers or driver circuits (not numbered), 
and the like. The driver circuits are often used for amplification of output signals from, the ECM 120. The CPU 122 per- 

so forms necessary arithmetic calculations, processes informational data, performs logical operations with stored data, , 
. and makes necessary decisions of .acceptance. The memories 123 are constructed. by a random-access memory ' 
(RAM) and a read-only memory (ROM). THe ROM' (fixed-value memory) permanently stores all necessary programs, 
varjo^ and the like, while 'the f^M (operating-date 

ily stores informational data during execution of the control program. For instance, data delivered by engine/vehicle sen- 

55 sors are stored In the RAM, until they are summoned by the CPU or superseded by more recent data The input port 
1 21 of the ECM 1 20 receives various engine/V^hlcte sensor signals from the air-f few meter 1 03, a crank angle sensor 
125^ ah accelerator opening sensor 126, an ^hglriis temperature sensor 127, an air/fuel ratio sensor 128, and a pres- 
sure sensor 1 29 The air-flow meter 103 is located on the intake-air duct for detecting a quantity of intake air flowing 
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through the air-flow meter and drawn Into the engine. The crank angle sehsor 125 Is provided to monitor engine speed 
Ne as well as a relative position of the engine crankshaft. The accelerator opening sensor 126 is located near the accel- • 
erator to monitor an accelerator-pedal operating amount or ah accelerator opening APS. A coolant temperature sensor 
Is usually used as the engine temperature sensor 127. The coolant temperature sehsor Is mounted on the engine and 
5 usually screwed into one of top coolant passages to sense the actual operating temperature of the engine. The air/fuel 
ratio sensor 128, such as an oxygen sensor, Is located in the exhaust passage 113 and disposed Just upstream of the 
catalytic converter 1 1 6, to monitor or detect a^ 

centage of oxygen contained within the engine exhaust gases at all times when the engine is running, so that the ECM 
1 20 can maintain the A/F ratio at as close to stoichiometric ias possible, for com^^ 

10 emissions. The pressure sensor 1 29 such as a manifold pressure sensor, is screwed into the collector 1 07. to measure 
or sense an internal pressure in the intake-air passage 101, precisely an Internal pressure in the collector 1 07, The 
input informational data signals from the above engine/vehlple sensors 103, 125, 126, 127, 128 and 1229 are used for 
the arithmetic and logical operations executed by the CPU 122. Actually, the CPU 122 of the ECM 120 performs various 
: data processing actions such as the main intake-air quantity control riDutine shown in fig. 3|, or another rnajn .routine and 

l5 subroutines shown In Figs. 6, 7, 10; 11, 12, 13, 14, 18, or the subroutine shown in Fig. 22, which will be fully described 
later. The output port 124 of the ECM 120 is configured to be electronically connected often through the driver circuits 
to electnbal loads, such as the throtti? actuator 1 06, the fuel injector solenoids of the fuel Injectors 109, the Intake-valve 
side electromagnetic actuators *M2, the exhaust-valve side electromagnetic actuators 1 1 5, and the spark plugs 1 1 7, for 
generating control command signals to operate these electrical loads Concretely, the throttle actuator i 06 is operated 

20 in response to a control command signal representative of a target throttle opening, output from the output port 124, so 
that the actual throttle pperiirig of the throttle valve 105 Is adjusted to the. target throttle opening. The Injector solenoid 
of each of the fuel injectors 1 09 Included in an electronic fuel-injection system Is energized in response to a fueMnjeq- 
tion signal from the ECM 120, to inject a desired amount of fuel that the alrffuei rtilxture ratio of air-fuel mixture formed 
in the combustion chamber 110 can be maintained at as close to k predetermined A/F ratio <i e , a stoichiometric A/F 

25 ratio) as possible, at a predetermined injection timing; The individual spark plug 1 1 7 oontejoed within an electronic Igni- 
tion system operated Lin response to a voltage signal from the output port 124 of the ECM 120, to Initiate spark plug 
firing at a predetermined ignition timing The Inta^ 

control command signal indicative of a target inteike-yalv6 open ttming; otdput from the ECM 120, #nd closed in 
feisponse to a con^l OThimand signal indicative of a target intake-valve closure timing. On the other hand, the exhaust- 
- 30 valve side electromagnetic actuator 11 5 is opened in response to a control command signal indicative of a target • 
exhaiist-valve open timing, output from the ECM 120, and closed In /espprise to a pbhtrb) commahd signal Wdicative of 
'■i a target eXhaust-valye closure timing. - : : « -- 

{0010] Referring now to Fig 2, there is shown the detailed construction of the electromagneticaliy-powered intake- 
- ; . < v^e iinit composed of the intake valve 1 1 l and the intake-valve side electromagnetic actuator 112 or the ejectromag- 
V \ -35 : n^ti^llyiaowered fexhau^-valve unit composed of the exhaust: vafve:1 1 4 and the e^au^t-yalve side electromagnetic 
actuator 115. In the shown embodiment, the valve construction shown in Fig. 2 is adapted to the electromagpetlcally- 
- powered exhaust-valve unit as well as the ejectroimg^ 

shown In Flg.;2 can be regarded as either an intake valve or an exhaust valve. In Fjg. 2, reference sign 201 dehotes the 
/ cylinder head, andrtf^ 

■ .40 ■ to the cylinder head "201,4s feeen from the croW sectio^ 
unit Includes an electromagnetic 
^ plunger (consisting of a movable rbd 210 in e^utted^ngagement with the tipehd face 202a of the valve stem of tiie 
■ v engine valve 202, a movable disc-shaped portion 21 1 made of soft magnetic substance, fixed to the middle portion of . 

' ' . , the rod 210 and focated -between two /opposing attracting fares 208b and 209b of magnets 209), an upper 

45 , coiled yalve spring 21 5 f a lower coiled valve spring 204, and upper and lower electromagnetic coils 209a and 208a, and 
f - the upperand lower rnaghe^ 

\-> the magnets 208 and 209; and coaxiaily arranged with the valve stem of the engine valve portion 202, The engine valve 
portion wk \$ slidably supported on a valve guide (not numbered) In the cylinder bead 201 , A valve retainer 203 is fix- 
edly connected to^the valve stem, the lower valve spring ,204 is disposed between the valve retainer 203 and the bottom 
so flattened face of the recessed portion of the cylinder head 201 , to permanent!^ bias the movable plunger in a direction 
> ' closing the port 201 a of the cylinder head 201 . Reference signs 205, 206, and 207 denote three-split housings in which 
the two magnets 208 and 209, are accommodated. These housings 205, 208, and 207 are fixedly mounted on the cyl- 
: ) finder head 201 . The upper electromagnetic coll 209a is disposed in the annular recessed portion formed in the upper. ; 
V^v:k^i . magriet2^ lower 
^■v;^^ means of the driver associated therewith/ the Jower face 

•;' Bl a-pf thei^bvabi^ disc-shaped plunger portion ^11 i^ att^^ 

208b of the S lower magnet 208) against the bias of the lower va^ 

when the electromagnetic coil 209a I5 excited by means of the driver associated therewith, the upper face 2fj 1 b of the 
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movable disc-shaped plunger portion 211 Is attracted upwards (that is, toward the lower attracting face 209b of the 
upper magnet 209) against the bias of the upper valve spring 215 by way of an attraction force. An upper valve-spring 
seat 214 Is fixed to the upper end of the movable plunger rod 21 0, The upper valve spring 21 5 is disposed between the 
tipper valve-spring seat 214 and the upper wall portion of a spring cover 21 6, to permanently bias the movable plunger 

5 In a direction opening the port 201 a. With the previously-noted arrangement, It Is possible to arbitrarily control the open- 
ing and closing of the engine valve unit by controlling the activation and deactivation of each of the electromagnetic colls 
208a and 209a. A displacement sensor 217 Is located at the tip end of the movable plunger rod 21 0 for monitoring or 
detecting an axial displacement (or an actual valve lift or an actual valve lifting height) of the rod 21 0. Usually, the dis- 
placement sensor 217 In Its simplest form is generally one of a potentiometer (a variable resistor). 

10 [0011] Referring now to Fig. 3, there Is shown a first intake-air quantity control program performed by the CPU 122 
of the ECM employed In the intake-air quantity control apparatus of the embodiment As discussed hereunder In refer- 
ence to the flow chart shown in Fig. 3, the Intake-air quantity control apparatus of the embodiment can selectively switch 
the Intake-air quantity control mode between a first control mode In which the Intake-air quantity is controlled or man- 
aged by adjusting the throttle opening of the throttle valve 105 under a specified condition where the Intake-valve clo- 
ts sure timing of the intake valve ill is set to a basic intake-valve closure timing (i VCb), and a second control mode in 
which the intake-air quantity is controlled or managed by adjusting the Intake-valve closure timing under a specified 
condition where the Internal pressure in the Intake-air passage 1 01 (exactly, the internal pressure in the branch pas- 
sage 1 08) is set to a basic pressure (Pb). The intake-air quantity control routine of Fig. 3 is based on the assumption 
that the intake-valve open timing of the Intake valve' ,1 1 1 is fixed to a predetermined timing such as TDC (top dead 

20 center) on the intake stroke, and the exhaust-valve open timing (EVO) of the exhaust vale 114 and the exhaust-valve 
closure timing (EVC) are both fixed to predetermined timings. In the first control mode, the internal pressure in the 
- intake-air branch passage 108 drops down to a pressure level lower than atmospheric pressure, thus facilitating or pro- 
moting vaporization of fuel injected or sprayed into the intake-air branch passage 108, and also strengthening gas flow 
within the combustion chamber 1 1 0, Therefore, the first control mode \s effective to enhance combustion stability of the 

zs engine On the other hand, according to the second control mode, when the basic pressure (Pb) is set at a pressure 
level substantially corresponding to an atmospheric pressure, it is possible to largely reduce a pumping loss during par- 
tial-load operation. This improves fuel economy. In the first control mode, there Is a time delay from a time when the 
throttle opening has been adjusted to a time when an actual change in the quantity of intake air entering the engine 
occurs, owing to a volumetric capacity from the throttle valve 1 05 to the intaike valve 111. in contrast, in the second con- 

30 trpl mode, there is no time delay from a tirne when the intake-valve closure timing of the intake valve 111 has been 
adjusted to a time when an actual change in the intake-air quantity occurs. The intake-air quantity control routine of Fig. 
3 is executed as time-triggered interrupt routines to be triggered every predetermined intervals such as 1 0 msec. 
[0012] At step SI , a steady-state target engine torque sfie is calculated or computed on the basis of the engine 
operating conditions, namely the accelerator opening APS and the engine speed Ne. Concretely, the steady-state tar- 

35 get engine torque stTe Is map-retrieved from a predetermined or preprogrammed characteristic map showing how the 
steady-state target engine torque stTe has to be varied relative to the accelerator opening APS and engine speed Ne. 
The steady-state target engine torque stTe means a steady-state target value onto which the engine torque Is con- 
verged after a while in the steady state in which both of the accelerator opening APS and the engine speed Ne do not 
vary. The accelerator opening APS and engine speed Ne used at step S1 are calculated on the basis of the input infor- 

40 mational signal data from the engine speedsjensor i 26 and the crank angle sensor 125; according td another program 
. executed by the CPU 122, and then the calculated values are stored in the RAM of the memories 123. ^ ; 
[0013] At step S2, the basic intake-valye^closure timing IVCb of the intake Valve .1 1 1 is calculated on the basis of 
the engine speed Ne, To be concrete, the M^\c intake-valve closure timing IVCb is looked up from a predetermined 
look-up table showing how the b^ic intake-v^lye closure timing IVCb has ^ ' 

45 basic intake-valve closure timing IVCb corresponds to an intake-valve closure timing at which a maximum intake-air 
v charging efficiency^ closure timing iVCb substantially corresponds to a tim- 

ing near BDC (bottom dead center) oil the Intf^e stroke. Generally, when thisihginef speed Ne Increases, there is a ten- 
dency for the maximum intake-air chai^n^^^ -■ 
has passed the BDC: For the reasons discussed above, the basic intake-valve closure ti IVCb is determined or 

so computed depending on the engine speed Ne. , - 

: [0014] ?\ A^ 

the basis of the basic intake-valve closure tii^ihg IVCb, Concretely the respbhse time constant Ta is looked up from a 
predetermined look-up table showing how the response time constant Ta has to be varied relative to a basic Intake- 
valve closure timing IVCb The response time constant Ta is a time constant indicative of a response time delay char- 
55 acterlstic or a time-delay characteristic between toe stert of the throttle-opening adjustment of the throttie valve 105 and 
the actual change in the internal pressure in the intake-air branch passage 108,- under a specified condition where the 
Intake-valve closure timing of the intake valve 111 is set at the basic intake-yalve closure timing IVCb. That is, the 
response time constant Tb based on the basic intake-valve closure timing IVCb indicates a first time constant determin- 
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Ing a response delay of a change In the Internal pressure In the thtake-air passage with respect to a change In the throt- 
tle opening. The response time delay characteristic (the response time constant Ta) varies mainly depending on the 
Intake-valve closure timing. The response delay characteristic can be also affected by the engine speed Ne and engine 
load (that Is, an intake-air quantity), as well as the Intake-valve closure timing. To enhance the accuracy of arithmetic 
s , calculation for the response time constant Ta, the time constant Ta may be retrieved from a preprogrammed map show- 
ing how the time conslant Ta has to be varied relative to three parameters, naimely engine speed Ne, engine load (an 
Intake-air quantity), and a basic Intake-valve closure timing (IVCb). 

[0015] AX step S4, ^first-order lag processing of the time constant Ta Is made to the steady-state target engine 
torque stTe calculated at step S1, to calculate a target . engine torque tTe. A characteristic of changes In the target 
io engine torque tTe calculated as a first-order lag system with the time constant Ta, becomes Identical to a characteristic 



closure timing of the Intake valve 11 1 kept at the basic intake»valve closure timing IVCb. 

[001 6] At step S5, a check Is made to determine whether the control system Is operated at the first control mode or 
at the second control mode. The selecting operation of the control mode Itself Is performed within the microprocessor 

is (CPU) according to another program different from the main intake-air quantity control program shown in Fig. 3. The 
CPU 122 is designed to select the first control mode, for Instance, when the engine coolant temperature is low ahd thus 
the engine does not warm up adequately or when the rotational speed of the engine is greatly fluctuating, arid to select 
the second control mode the other engine operating conditions such as after engine warm-up. When the selected oper- 
ating rinpcJe ts the first control mode, the program proceeds from st6p S5 via step S6 to step S7. Conversely, when the 

20 second control mode is selected, the program proceeds from step S5 via step SB to step S9. At step S6, a steady-state 
target Intake-valve closure timing stlVC Is set as the basic intake-valve closure timing IVCb. The steady-state target 
IntakerVafye closure timing stlVC corresponds to a steady-state target value of the valve closure timing of the intake 
valve 111. At step S7, a steady-state target. jntakerair-passacie internal pressure (simply a steady-state target internal 
pressure) stP is catenated on the basis of both the steady-state target engine torque stTe arid the steady-state target 

25 intake-yalve closure timing StlVC. The steady-state target internal pressure. stP (corresponding to a steady-state target 
yalue of the Internal pressure in * 108) means ian internal pressure created in the intake- 

air branch passage 1 08 when the engine torque will be converged onto the steady-state target engine torque stTe under 
the specified condition where the intake-valve closure, timing of the intake valve 111 is identical to the steady-state 
: intake-valve closure timjng stlVC, Details of the arithmetic operations executed at step's? Wi^ described hereunder. 

30 TTiese arithmetic operations of step S7 are based on the assumption that the engine torque is obtained by subtracting 
a torque loss arisen f rom the pumping loss from ah output torque created by burning of the air-fuel mixture in the com- 
. bustion chamber 1 10, and additionally the magnitude of the output torque created by burning of the air-fuel mixture 
within the combustion chamber is determined depending on the quantity of intake air entering the combustion chamber 
:•; 11 OiTherefore, the engine torque is represented as a function ofthe intake-air quantity and the pumping-loss torque as 

Engine torque = f (intake-air quantity, pumping-loss torque) (j) 

; ; Where the intake-air quantity .^ determined depending upon the internal pressure in the intake-air branch passage 108 
• 40 • and an intake-vedve opening time period (a time interval between the Intake-valve open timing and the intake-valve do - 
1 sure timing). As prevlously^escribed, in the shown embodiment, of the four timings, namely IVO, IVC, EVO, an4 EVC, 
.only the Intake-valve closure timing (IVC) of the Intake vslve 111 is variably adjusted/whereas ail of the IVO, EVO, and 
EVC. are fixed . to predetermined timings. :As appreciated, the intake-valve opening time: period .(the time interval 
„ between IVO and IVC) is determined depending upon the intake-valve closure timing of the intake valve 1 1 1 ; Thus, the 
■ ■ -45. Intake-alrquantity iarep^ intake -air branch passage (simply, the 

so On the. other hand. the pumping-loss torque is determined depending; upon the intake -air-pass age internal pressure 

and the intake-air quantity. Therefore, the pumping-loss torque is represented as a function of the intake-air-passage ! 
•' ^ Internal pressure and the tntake-air quantity, "as follows. . r j;-v>v\v,..:^/.-:.- / ■ • \ : " 

' , " "Pumping-loss torque = f (intake-air-passage internal' pressure, intake-air quantity) ' (jjjj 

; As set forth above, the three relational expressions (i), (11) and (Hi), relating to five values, namely the engine torque, 
' inta!0-air quantity, pumping-loss torqUe ? ihtakeWlr-passage internal pressure, intakerva[|ye closure timing, are satisfied. 
In this case, if two values of these five values are known quantities, it is possible to determine the other three values 
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(unknown quantities), because the number of the relational expressions is three with respect to the three unknown 
quantities. As discussed above, the steady-state target intake-alr-passage Internal pressure stP can be computed. at 
step S7, directly by arithmetic operations through which the steady-state target internal pressure stP Is calculated by 
way of the above three relational expressions. Instead of using the arithmetic operations, the results of the arithmetic 
5 operations (the pre-calculated values) may be stored in the ROM In the form of a preprogrammed characteristic map 
data, and thus the steady-state target Internal pressure stP may be map-retrieved from the preprogrammed character- . 
• Istlc map data. 

[0017] In contrast, at step SB executed only when the second control mode Is selected, the steady-state target 
Intake-alr-passage Internal pressure stP Is set at the basic pressure Pb. For the purpose of minimizing the pumping- 
10 loss torque, It ts effective to set the basic pressure Pb at atmospheric pressure. However, In cars with an evaporative 
emission control system as one of automotive emission control systems, the evaporative emission control system 
. requires a negative pressure for the previously-described "purging" operation. For the reasons discussed above, In the 
control system of the embodiment, the baste pressure Pb id actually set at a predetermined pressure level, such as - 
•. 50mmHg lower than the atmospheric pre^iire v ^ . ' 

15 [0018] At step S9, the steady-state target Intake-valve closure timing stIVC is calculated on the basis of both the 
target engine torque tTe and the steady-state target Intake-alr-passage internal pressure stR More exactly, the steady- 
state target intake-valve closure timing stl VC Is computed as a valve closure timing of the Intake valve 111 given when 
. the engine output torque will be converged onto the steady-state target engine torque stTe under thespecified condition 
where the Internal pressure (n the intake-air branch passage 108 Is identical to the steady-state intake-alr-passage 

20 internal pressure stP. The arithmetic operation of step S9 is based on the previously-noted three relational expressions. 
[0019] /.At step S10, a target throttle opening tTVO of the throttle valve 105 Is calculated on the basis of both the 
steady-state target Intake-valve closure timing stIVC and the steady-state target intake-air-passage internal pressure 
stP. Generally, the relationship among the Intake-alr-passage internal pressure, the Intake-valve closure timing, and the 
throttle opening Is specified in the steady state of the engine. Based on the specified relationship amongthem, the tar- 

25 get throttle opening tTVO of the throttle valve 1 05 can be computed. The ECM 1 20 generates a target throttle-opening 
Indicative signal representative cf the target throttle opening tTVO. Then, the target throttle-opening indicative signal is 
output via the output port 124 to the throttle actuator 1 06. 

[0020] At step S1 1 , a response time constant Tb for the intake-alr-passage internal pressure on the basis of a pre- 
vious value tlVCz of a tar^^ 

3d Tb Is looked up from a preprogrammed Jook-up table showing how the response time constant Tb has tb be varied rel- 
ative to a target intake-valve closure timing tlVC (exactly, a previous target intake-valve closure timing tlVCz). The 
response time constant Tb based on the target Intake-valve closure timing tlVC indicates a second time constant deter- 
mining a response delay of a change, in the internal pressure in the intake-air passage with respect to a change in the 

" • throttle opening.; Vs>./ ]■:'" - - c : > v •• "> 1 ;,. .; '.■/.■■. '■••../*■--; '"6 V'- 

35 [0021] At step S12, a first-order lag processing of. the time constant Tb. is made to the steady-state target intake- 
air-passage internal pressure stP (calculated at step S7 or at step S8), so as to calculate or estimate a real Intake-air- 
passage internal pressure rP. The real internal pressure rP estimated is regarded as atn actual internal pressure in the 
intafe-air branch ^assiage 1 08, apd substantially corresponds to the actual internal pressurie in the intake-air branch 
passage 108 If the pressure sensor 129 screwed into the collector 1 07 has a satisfactory response characteristic and 
40 an adequate accuracy of pressure-me^ure^nient, the sensor signal from the pressure sensor 129 may be used Instead 
of the Internal pressure rP estimated The use 6f the sensor signal from the pressure sensor 129 eliminates the neces- 

... srtyof steps S11.andS12, , ; ^ /: \ "- ^ V^"^*"'"-:-^. ' V'. V: •■•■••i -V/t- ":'-. V "- 

[0022] At step SI 3, the target intake-valve closure timing tl VG is calculated on the.basis of the target engine torque 
- tTe ahd the real intake-alr-passage internal' pressure rP estimated or sensed. The arithmetic operation of step S1 3 is 
. 45 also b^ed on th^ 

timing Indicative signal representative of the^target intake-valve closure timing tlVC. Then/ ^ clo- 
sure timing indicative signal is sent via the output port 124 to the intake-valve side electromagnetic actuator 112. 
[0023] - Referring how to Figs. 4A - 4£, there are shown variations in the accelerator opening APS, the engine tbrque 
.>■' (steady-state target engine torqu^ 

so (steady-state target intakbTair-passage internal pressure stP, real Intake-rair-passage internal pressure rP estimated or 
sensed), tHe intake-valve closure timing (Aea&y^state target intake^valye closure timing stIVC, target intake-Valve clo- 
sui^ tlrtlng t(VC)/and the throttie opening tTVO), obtained when the system operating mode is ✓ 

switched from first to second control mode during execution of the main control program shown in Fig. 3. 
[0024] In the time charts shown in Figs. 4A - 4E, the steady-state Is maintained, until the time tQ, and thus the 

55 steady-state target engine torque stTe is Identical to the target engine torque tTe, the steady-state target intake-air-pas- 
sage internal pressure stP is identical to the reai intake-air-passage internal pressure rP estimated or sensed, and the 
steady-state target intakeryaive closure timing stIVC is identical to the target Intake-valve closure timing tlVC. The 
intake-valve closure timing of the intake valve 11 1 is held at the basib intake-valve closure tirnlng IVCb, since the system 
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Is operated at the first control mode until the time to. When the accelerator opening APS increases rapidly. .at the time . 
to, the steady-state target engine torque stTe rises rapidly owing to the rapid rise In the accelerator opening APS. By 
. contrary, the target engine torque tTe is calculated as a value asymptotic to the steady-state target engine torque stTe 
With a first-order lag (related to step S4 of Fig. 3)! At this time, the time constant is equal to, the response time constant 

s : Ta for the internal pressure In the intake-air passage (see steps S3 arid S4 of Fig. 3). Between to and t1, the system 
operating mode is not yet changed and remains In the first control mode, and thus the steady-state target valve-closure 
timing stIVC is still kept at the basic intake-valve closure timing IVCb. As appreciated from step S7 of Fig. 3, the steady- 
state irrtake-alr-passage Internal pressure stP is calculated based on both the steady-state target intake-valve closure 
timing stiyp and the rapidly-risen steady-state target engine torque stje, arid theref ore .the steady-state target intake- 

io air-passage internal pressure stP rapidly rises at the time to (see Fig. 4C). For the same reason as previously 
described, the target throttle opening tTVO, calculated based on both the steady-state target Intake-valve closure timing 
stIVC and the rapidly-risen steady-^tate target imake-alr^a^sage Internal pressure stP, rapidly rises at the time to (see 
Fig 0 4E). The real intake-air-passage internal pressure rP- Is estimated or calculated as a valife asymptotic to the 
steady-state target intake-air-passage internal pressure stP with a first-order lag (related to step S12 of Flg„ 3). At this 

15 time, the time constant is equal to the response time constant Tb for the internal pressure in the Intake-air passage (see 
steps S1 i and S12 of Fig. 3) When the target throttle opening tTVO rapidly increases atthe time to, the actual throttle 
opening of the throttle valve 1 05 brought closer to the target throttle opening tTVO. At this time, In accordance with , 
the rapid increase in the actual throttle opening of the throttle valve 105, the Internal pressure in the intake-air branch 
passage 108 begins to gradually rise, and also the real intake-air-passage internal pressure rP estimated or calculated 

20 is nearly equal to an actual Internal pressure in the intake-air branch passage 108. As seen in step 313 of Fig. 3, the 
target intake-valve closure timing tlVCls constantly calculated based on both the target engine torque He and the real 
intake-air-passage internal, pressure rP. As appreciated from a series of steps S1 - S7 and S10 - SI 3 particularly, steps 
$% - S4 needed to compute the target engine torque tTe) executed during the Ji ret control mode, the target intake-valve 
closure timing tlVC is hot forcibly set at the basic intake-valve closure timing IVCb, but as a consequence the target 

■25 intake-valve closure timing tlVQ is maintained at a timing substantially corresponding to the bjasicintake-yaiYe closure 
timing IVGb, When the system operating mode is switched from the firit control mode to the second control mode atthe 
time t1, the steady-state target intake-air-passage internal pressure stP is rapidly set equal to the basic pressure Pb (for 
example -SOmrnHg). As seen in step S9 of tfg. 3, x 'the steady-state target Intake-valve closure timing stIVC is calculated 
based op both the steady-stateiarget intaketalr-passage internal pressure stP rapidly set at the basic pressure Pb and 

30 the i target engine torque tTe gradually in^ 1 
momentarily ^advances at the time t1 , and thereafter gradually moderately changes in a direction retarding the valve- 
r . . [. ;} J closure timing. Owing to the^ the ^i^^^.tkjipeX intake-vilve plosure timing stlVC, the target throttle open- 

ing ftVO rapidly increases at the time t1 , and thereafter gradually moderately chahges in a direction further increasing 
the throttle opening. Or\ the other hand, the real intake-alr-passage internal prgssjwre rP is estimated or calculated as a 

35 value asymptotic to the steady-state target intake-air-passage internal pressure stP (further increasing In a stepwise 
manner) With a fi^^ 

sage 108. At this- time, the real intake-alr-passage internal pressure rP changes with a characteristic. entirely different ' 
from that of the target, engine torque tie. However/ the target Intake-valve closure timing tlVC, based on both the target 
40 engine torque tTe and the real intake-air-passage internal pressure "rP/ gradually advances, and therefore the engine, 
output torque (engine power output) hiatohes;With Jhe terget engine torque tfe. , ^ 

•{0025] ; On the pther hand, Rgs, ^ 
' - iv-'. 7 'stete^ target engine torque stTe, tarcfet .engine torque tTe), the internal pressure In the intake-air 45ran(^' passage 
;'••* . (steady ^tate .target intake-air-passage Internal pressure stP, real intake-alr-passage Internal pressure' fP/.e^i^ated'or 
• 45 sensed), the intake-valve closure timing (steady-state target intake-valve closure timing stIVC, target intake-valve do- 

■ : sure timing tlVC), and the throttle opening {target throttle opening tTVO), obtained when the system operating mode is . 
, switched from second to first control mode tjurjhg execution of the main control program shown in Rg7*3 ^ ; 
10026]', In; the time charts shown in Figs. 5A - 5E, the steady-state is maintained until the time t4, and "thus the 
steady-state target engine torque stTe is identical to the target engine torque tTe, the steady-state, target intake- air-pas- . . '.' 
> so sage-internal pressure stP is Identical to the re : ai intake-air-passa^ 
■•••. •• ; : ••: ^ •: kteady-state target intake-vaK/e cio closure timing tlVG. The inter- 

• nal pressure in the intake-air /branch parage 108 Has elre^ 
l. \ : tern is still operated at the second control mode. Between t4 and t5, the system remains In the second" control mode* 

^ ' * and thus the steady-state target Intake- air-passage internal pressure StP remains held .at the basic pressure Pb. As - : ; 
. v ; f5 ■ seen in step S9 of Rg. 3, the steady-state target intake-valve closure timing stIVC is calculated based on both the 
: st^aciyrstate target Inteke^al^asspge internal pressure stP set at the basic pressure Pb and the gradu^lyflncreasing 
target engine torque fTe, and Ahus from t4 the steadyr$tate target iniakd-valve closure timing stIVC gradually changes 
in a direction retarding the valve closure timing. In the same manner, the target throttle opening tTVO; calculated on the 
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" basis of both the steady-state target intake-alr-passage Internal pressure stP and the gradually-Increasing (gradually- 
retarding) steady-state target Intake-valve closure timing stIVC, gradually Increases from the time t4. Within the time 
Interval between t4 and t5, the real Intake-alr-passage Internal pressure rP remains unchanged (that is, remains kept 
at the basic pressure Pb). As can be appreciated from comparison between steps S9 and S1 3, the steady-state target 

s Intake-valve closure timing stIVC Itself is thus calculated as the target intake-valve closure timing tlVC. When the sys- 
tem operating mode is switched from second to first control mode at the time tS t the steady-state target intake-valve 
closure timing stIVC Is rapidly set equal to the basic intake-valve closure timing IVCb. After switching to the first control 
mode at t5, the steady-state target Intake-alr-passage Internal pressure stP is calculated on the basis of both the 
steady-state target Intake-valve closure timing stIVC and the steady-state target engine torque stTe (see the flow from 

n? step S5 via step S6 to step S7), and therefore the steady-state target intake-alr-passage internal pressure stP rapidly 
drops at the time tS, owing to the rapid drop In the steady-state target Intake-valve closure ^ 

' a rapid drop in the steady-state target Intake-alr-passage internal pressure stP, the target throttle opening tTVO rapidly 
reduces at the time tS. The real intake-alr-passage Internal pressure rP is calculated as a value asymptotic to the 
. steady-state target Intake-air-passage internal pressure stP (falling rapidly at tS) with a first-order lag. At this time, the 
is real intake-air-passage internal pressure estimated becomes nearly equal to an actual Internal pressure in the Intake- 
air branch passage 1 08. After the time t5, the target Intake-valve closure timing tjVC, based on both the target engine 
torque tTe and the real intake-alr-passage internal pressure rP, gradually retards, and as a result the engine output 
torque (engine power output) matches with the target engine torque tTe. 

[0027] As discussed above, when the system is operating In the first control mode, the intake-valve closure timing 

20 of the intake valve 111 Is adjusted to the basic intake-valve closure timing IVCb except just after switching from the sec- 
ond control mode to the first control mode, and thus the intake-air quantity (that is, the engine output torque) is control- 
led by adjusting the throttle opening of the throttle valve 1 05; Conversely, when the system is operating in the second 
control mode, the internal pressure in the intake-air branch passage 108 is regulated to the basic pressure Pb except 
Just after switching from the first control mode to the second control mode, and thus the intake-air quantity is controlled 

25 by adjusting the intake-valve closure timing of the intake valve 1 1.1 . According to the air-quantity control routine shown 
in Fig. 3, the engine output torque constantly matches with the target engine torque tTe. The switching operation 
between first and second control modes can be smoothly achieved withput^any engine-torque difference during switch- 
ing between the first and second control modes (without any rapid change W engine output torque before and after the 
time t1 during switching to the second control mode and without any rapid change in engine output tongue before and 

30 after the time t5 during switching to the first control mode). The time charts shown -in Figs 4A - 4E and 5A - 5E are 
exemplified rh a particular rase wherein the switching operation between first and second control modes occurs; in a 
transient state of the engine, that is, with a rapid increase in the accelerator opening APS. As a matter of course, 
according to the intake-air quantity control apparatus of the embodiment, there is no rapid change in engine output 
torque even When switching between first and secbnd control modes in a steady state. 

35 [0028] Referring now to Fig* 6, there is shown another intake-air quantity control program executed by the CPU 122 
6f the ECM 120 of the intake-air Quantity control apparatus of the embodiment The main routine shown in Hjg. 6 Is exe- 
cuted as time-triggered interrupt routines to be triggered every predetermlnedintervals such as 1 0 msec. At step S600, 
a steady-state target Intake-air quantity stQH 01 is calculated. At step S700, a real intake-air quantity rQHGl is calcu- 
lated. At step S800 a steady-state target intake-air-passage internal pressure stP is calculated At step S900, a target 

40 intake-air quantity^tQHOg is calculated At step S 1000, a mode-switching period target intake-air quantity tQH03 
needed during mode switching of the Intake-alrqilantity control mode (that Is, during switching between first and second 
control modes), is calculated, At step S1 1 00, a target throttle opening tTVO is calculated At step S1 200, a target intake- 
valve closure timing tlVC is calculated. - 

[0029] Details of a series of steps S600 - S1200 of Fig, 6 are hereihbelow described in detail in reference to the 

45 corresponding subroutines (see Figs 7, 10, 11, 12, 13, 14 and 18) 

[0030] Referring to Fig. 7, the steady-state target intake-silr quantity (stQHOI) calculation subroutine is entered at 
point S600 and proceeds to step S601 . At step S601 , an idle-holding intake-air quantity Qi is calculated. The idle-hold- 
ing lntake-ai H q uantlty Qi means a sum of an intake-air quantity needed to hold the engine speed NIq at a preset idle 
speed and an additional intake-air quantity needed to produce engine torque corresponding to engine-accessories 

50 loads such as an air conditioner At step $602, ah Idle-holding throttle opening area or art idle-stabifizatipn throttle open- 
ing area Ai is calculated on the basis of the jdii-holdirig intake-air quantity Qi: Concretely, the Idle-holding throttle open- 
ing area Ai is calculated by multiplying the idle-holding intake-air quantity Qi with a coefficient representative of the 
relationship between and the throttle opening area and the a flow rate of air passing through the throttle Valve 105 in 
sonic flow. The coefficient can be retrieved on the basis of the idle-holdlhg intete 

55 or preprogrammed characteristic map showing how the throttle opening area Ai has to be vkried relative to a flow rate 
of air passing through the throttle valve in sonic flow. At step S603, an equivalent throttle opening area Aa correspond- 
ing to a driver-required engine power output is calculated on the basis of the latest up-to-dkte accelerator opening indic- 
ative data APS. Concretely, the equivalent throttle opening area Aa is retrieved from ia predetermined look-up table or 
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a preprogrammed accelerator-opening (APS)tequivalent throttle-opening (Aa) conversion map shown In Fig. 8. At step 
S604 t a total throttle opening area (simply, a throttle opening area) A (=Al+Aa) Is calculated by adding the Idle-holding 
throttle opening area Ai to the equivalent throttle opening area Aa. At step S605, a variable parameter AN V is arithmet- 
ically calculated by an expression ANV = A/(NexV) , where A denotes a total throttle opening area (simply, a throttle 

5 opening area), Ne denotes engine speed, and V denotes a displacement of the engine. At step S606, a volumetric flow 
rate QHO (Indicating a volume of intake air in a standard condition (atmospheric temperature and pressure) with 
respect to a stroke volume of the engine) is calculated on the basis of the parameter ANV- Cphcretety, the volumetric 
flow rate QHO Is retrieved from a predetermined look-up table or a preprogrammed variable parameter (ANV)/volu met- 
ric flow rate (QHO) conversion map stored In the computer memory and shown In Fig. 9. In the shown embodiment, the 

w ANV/QHO conversion map shown in Fig. 9 is preprogrammed on the assumption that the intake-valve open timing 
(IVO) of the Intake valve 1 1 1 Is set at T.D.C. (top dead center), whereas the intake-valve closure timing (IVC) Is set at 
B.D.C. (bottom dead center). The volumetric flow rate QHO is used as the desired intake-ajr quantity. At step S607, a 
steady-state target Intake-air quantity stQHOI is set to the volumetric flow rate QHO. The steady^state Intake-air quan- 
tity stQHOI means a steady-state target value onto which the intake-air quantity is converged after a while in the steady 

75 state, when the first control mode is selected. , . 

[0031] Referring to Fig. 10, the real intake-air quantity (rQH01) calculation subroutine fe entered at point S700 and 
proceeds to step S701 . At step S701 , In the same manner as step S3 of the routine shown in Fig. 3, the response time 
constant Ta for the internal pressure in the Intake-air passage is calculated or looked up from a predetermined look-up 
table showing how the response time constant Ta has to be varied relative to a basic intake-valve closure timing IVCb. 

20 At step S702, a first-order lag processing of the time constant Ta is made to the steady-state target intake-air quantity 
stQHOI calculated at step S607, to calculate a real intake-air quantity rQH01. The real intake-air quantity rQH01 
obtained by the fi rst-o rde r lag processing, Is a value representative of an actual intake-air quantity during operation at 
.Jhefij^coi^ '. . ,- '■ V:.':'-" ./ ■" ■■ ■' S 

[0032] Referring to Fig, 11 , the steady-state target intake-air-passage Internal pressure (stP) calculation subroutine 

25 is entered at point S800 and proceeds to step S801 . At step S801 , a check is made to determine whether the first con- 
trol models selected. When the answer to step S801 is in the affirmative (YES), that is, the first control mode is 
selected, step S802 occurs Atstep S802, the steady-state target intake-air-passage internal pressure stP is estimated 
or calculated on the basis of both the steady-state target intake-air quantity stQHOI and the engine speed Ne. Con- 
cretely, the steadyr^ate ta^ pressure stRis looked Up or retrieved from a preprogrammed 

30 characteristic map showing how the steady-state target intake-air-passage internal pressure stP has to be varied rela- . 
tiye to a steady-state target Jntake-air quantity stQHOI and engine speed Ne. The steady-state target intake-air-pas- 
sage internal pressure stP is a value indicative of a steady-state target value of the internal pressure in the intake-air 
branch passage 108. Conversely, when the answer to step S601 is in, the negative (NO), that is, the second control 
mode is selected, step §803 occurs. At step $803, the steady-state target intake^air-passage internal pressure stP is 

35 set equal to the basic pressure Pb such as -50mmHg. In the system of the shown embodiment, the basic' pressure Rb 
is preset at a comparatively high pressure level such as -SbmmHg. Preferably/the basic pressure Pb may be deter- 
mined depending on engine temperature, for example engine coolant temperature 

[0033] f Refeh'ing to R^ subroutine is entered at point S900 

•and proceeds to step S901: At step S901, a pumpihg-loss difference correction factor PUMP1, needed to compensate 
40 for the pumping-loss difference between a pumping loss created during'the first control mode and a pumping loss cre- 
ated during the second control mode, is Actually, the pumping-loss difference correction factor PUMP1 is 
looked up or rtiap-r?trieved f rp ? predetermined characteristic map At step S902, a comKustiori-effic|ency^ difference 
. : corre^^ between a combusti on efficiency 
' obtained piiring 

45 lated. The cx)mbustion-efficiehcy drfference correction factor k is looked up or map-retrieved from a preprogrammed 
characteristic map. In deterhrjlningihe previously-noted characteristic map for the pumping-loss difference correction 
_ factor PUM;^ 

rection factor k, such an intake>air quantity as to produce th^ engine output :tbrque both i at the first and second 
..- .v ". T". •• -control modes is experimentally measured by. the inventors' of the present invention, and then a rate of change in the 
so previously : noted Intake-ajr quantity is plotted at any engine torque. Each of the "characteristic maps for, PUMP 1 and k 
'is preprogrammed based on the rate-of-charige data. At step,S9G3 f the real intake- air quantity rQHD1 is compensated 
or corrected by both the pumping-loss difference correction factor PUMP 1 and the combustion-efficiency difference cor- 
o redip^ 

get Jntake-air quantity tQH02 corresponds to a target valuie or a desired value of an intake-air quantity when the 
55 ' selected system operating mode ^te^ second control mode. During operation at the second control mode, it is possible 
to produce engine > output: torque equal, to a torque value pf engine output torque created during operation at the first 
control mode. by matching the irftake-air quantity With the target intake^air quantity tQH02. Additionally; it Is possible to 
match a torque' response to: ah accelerator operating amount (APS) obtained in the first control mode system with a 
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torque response to an accelerator operating amount (APS) obtained In the second control mode system by matching 
the Intake-air quantity with the target Intake-air quantity tQHOZ 

[0034] Referring to Rg. 1 3, the mode«*w1tch1ng period target Intake-air quantity (tQH03) calculation subroutine Is 
entered at point S1000 and proceeds to step S1001 . At step S1001 , In the same manner as step S11 of the routine 
5 shown In Rg; 3, the response time constant Tb for the intake-air-passage Internal pressure Is calculated or looked up 
from a predetermined look-up table showing how the response time constant Tb has to be varied relative to a previous 
value tlVCz of a target Inteike^yalve cibsure timing of the Intake valve i 1 1 . Art step S1 002, a test Is made to determine 
whether the first control mode Is selected at the current cycle. When the answerto step S1002 Is affirmative (YES), step 
S1003 occurs. At step SI 003, a test Is made to determine whether the second control mode Is selected at the previous 
. to cycle. When the answers to both kteps S1002 and S1 003 are affirmative (YES), that is, switching from the second con- 
trol mode tb the fl^ 

period target Intake-air quantity tQH03 needed during switching from second to first control mode, Is set at the previous 
vaiue tQH02( O id) of the target intake-air quantity tQH02 (corresponding to a desired Intake-air quantity needed during 
the second control mode). That Is to ^ay, When switching from second to first cbntrbl mode bccyrs, the target Intake-air 

is quantity tQHqi calculated Just before initiation of the switching operation to first control mode Is set at ah initial value of 
the target Intake-air quantity tQH03. Returning to steps S1 002 and S1 003, when thfc answerto step S1 002 is affirmative 
(YES) and the answerto step S1 003 Is negative (NO), that is the first control mode is continuously selected, step S1 005 
occurs. At step SI 005, a first-order lag processing of the response time constant tb is made to, the real intake-air quan- 
tity rdHOI to compute .the target Intake-air quantity tQH03, so that the mbde-sWitchirtg period target intake-^ Ir quantity 

20 tQH03 approaches the real intake-air quantity rQHOI with a time lag defined by the response time constant Tb. Thus, 
just after switching to the first control mode, the target Intake-air quantity tQH03 is first set equal to the previous value 
tQHO^ojaj of the target intake-air quantity tQH02, and thereafter brought closer to the real Intake-air quantity rQHOI 
with the. time lag defined by the response time constant Tb. When the ^swer to step S1 002 is negative, ^ 
occurs At step SI 006, a check is made to determine whether the first control mode is selected at the previous cycle, 

35 When the answerto step S1 002 is negative (NO) and the answer to step S 1 006 is affirmative (YES), that Is, switching 
frbm first to second control mode occurs, the subroutine proceeds from step S1 006 to step S1 007. At step S 1 007, the 
mode-switching period target Intake-air quantity tQH03 needed duringswitchlng from first to second control mode, is 
set at the previous v$lue rQHOI ^ of the real Intake-air quantity rQHOI (corresponding to a value representative of an 
actual Intake-air quantity during the first control mode). That is to say, when switching from first to second control mode 

30 occurs, the real Intaterair quantity rQHOf calculated just before initiation of the switching operation to second control 
mode Is set at ah initial value of the mode-switching period target iritake-air quantity tQH03. Conversely, when the 
answerto step Si 002 Is negative (NO) and the answerto step Si 006 is negative (NO), thatls, the second control mode 
is continuously selected, step SI 008 occurs At step SI 008, a first-order lag processing of the response time constant 
Tb Is made to the target intakenair quantity tQH02 to compute the intake-air quantity tQH03, so that the target intake-air 

35 quantity tQH03 approaches the target intake-air quantity tQH02 with a time lag defined by the response time constant 
. Tb Thus, ju& after switching to the second control mode, the target intake-air quantity tQH03 is first set equal to the 
previous Value rQHOI (oW) of the real Intake-air quantity rQHOI , and thereafter brought closer to the target Intake-air 
quantity tQH02 with the time lag defined by the response time constant Tb. 

[0035] Referring to Fig. 14, the target throttle opening (tTVO) .calculation subroutine is entered at point S1 1 00 and 
40 proceeds to step S1 101 . At step S1 101 ; a check is made to determine whether the first control mode is selected. When 
the Answer to step S1 1 01 Is in the affirmative (YES), the subroutine flows from step Si i 01 through steps S1 1 02 and 
> • S1103 to step Si 107. Conversely, when the ansvyer to step Si 102 is in the negative (NO), the subroutine proceeds 
from step, S 1 1 02 throu gh steps S 1 104, Si 105, S1 106 to step S1^ parameter ANVjn is cal- 

45 up or map-retrieved from a preprogrammed characteristic map shown in Fig. 15. The parameter ANVm 

" ;:';>. ar^metlcally as ^ expression ANym = M(UexV) - \Nhere At denotes the throttle 

opening area in case that the Intake-valve closure timing Is set according to the first control mode, Ne demotes engine 
, speed, and V denotes a displacement of thef engine. At step S1 1 03, the throttle opening area At is calculated by multi- . 
plying the parameter ANVm with both the engine speed Ne and the displacement V of the engine. At step S1 1 04, a 
so coefficient C is calculated on the basis of the steady-state target intake'-atr-pass^ge internal pressure stP. Concretely, 
the coefficient C is looked up or rnap-r^ preprogrammed characteristic map showing how the coefficient 

G has tc> be varied rei^e ta a steac^st^ Rg; 1 .^showing an 

example of the C-stP charaderistib map). On the assumption that the internalpressura^ * 
stent, a value At/(NexV) obtained by dividing the throttle opening area At by both the engine speed Ne and the dis- 
ss placement V of the engine, is in proportion to a volumetric flbw rate (QHO)r In this case; a proportional coefficient 
between the value Atf(Nex V) and the volumetric flow rate (QKO) corresponds to the coefficient G, The steady-state 
target intake-air^a^sage inte intake-air- 
passage internal pressure stP (set at step SB03 of Fig. 11 and set equal to the basic pressure Pb such as -SOmmHg). 
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At step S1 1 05, a parameter ANVe Is calculated by multiplying the target Intake-air quantity tQH02 by the coefficient C. 
The parameter ANVe Is arithmetically calculated as a value obtained by an expression ANVe = At/(NexV) , where At 
denotes the throttle opening area based on the second control mode, Ne denotes engine speed, and V denotes a dis- 
placement of the engine. At step S1106, the throttle opening area At based on the second control mode Is calculated 



.5. 



a target throttle opening tTVO Is calculated on the basis of the throttle opening area At calculated at step SI 1 03 or at 
step si 1 06. Concretely, the target throttle opening tTVO Is looked up or retrieved from a preprogrammed tTVO-At char- 
acteristic map shown in Fig. 17. 
. [0036] Referring to Fig. 16, the target intake-valve closure timing (tlVC) calculation subroutine is entered at point 
10 S1200 and proceeds to step S1201. At step S1201 , a check Is made to determine whether the first control mode Is 
selected. When the answer to step SI 201 Is in the affirmative (YES), the subroutine proceeds from step S1201 to step 
S12Q2, At step §1 202, a check Is made to determine whether an elapsed time counted from switching between control 
modes exceeds a predetermined time interval e. When the answer to step SI 202 is affirmative (YES), that is, in case 
of the elapsed time > e, the subroutine advances to step S1203, At step S1203, the target intake-valve closure timing 
15 tlVC Is set equal to a basic intake-valve closure timing IVCb. Conversely, When the answer to step S1202 Is negative 
{NO), that }s, In case of the elapsed time s e r , step S1204 occurs. At step S 1204, a maximum intake-air quantity 
QHOmax is calculated on the basis of the steady-state target intake-air-passage internal pressure stP. Concretely, the 
maximum intake-air quantity QHOmax is looked up or map-retrieved from a preprogrammed QHOmax-stP characteristic 
map shown Jn Rg. 19 The maximum Intake-air quantity means a maximum *1r Quantity of intake air drawn Into the 
2o engine under a particular condition where the internal pressure in the Intake-air branch passage 108 is identical to the 



at step S8Q2 off r ig 1 1 and based on both the engine speed Ne and the steady-state target intake-air quantity stOHoi ) 
At step S1205; an intaj^valve opening time period I VP (a time interval between intake-vatye open timing (IVO)and - 

25 intake-valve closure tirriing (IVjDj) is calculated by multiplying a crank angle of 180 degrees from. TD C. (top dead 
center) to B.D.C. (bottom dead center) by a ratio (tQH03/GH0max) of the target intake-air qyahtrty tQH03 needed dur- 
ing switching between control modes to the maximum intafee-air quantity QriOmax. That is, the intake-valve opening 
■* time period 1VP is represented by an expression iy,P = 18Q b crank m Atstep §1206, ^ dummy 

intake-valve closure timing or a temporary int^e-valye 

30 basis qf the jn1ak<e-valye opening step Si?05. The temporary intake-valve closure timing 

IVCO obtained through step Si 206 corresponds to such an intake-valve closure timing that the Intakeeair quantity 
becomes the mode-switching period target intakeTair quantity tQH03 Under a particular condition where the internal 
; ^ 

. passage internal pressure stP (based on both the, engine .speed Ne and the steady-state target intake-air quantity : 
35 stQHOI). Atstep S1 207; a first-order lag processing of the response time con^antTbismade' to th 

■•" valve closure timing • IVCO to .^rripute-.th:e^rget 'intake-valve.clos.ufie timing. tl VC* As a result of such a first-order lag 
. : prbdes^hg^th&tim 

-actual intaketair quantity^hyrr^ 

S1201 is in the negative (NO), that is, the first control mode is not selected, the subroutine advances to step S1208. In 
40 a : similar manner as step SI 204, at step S1 ?08 the maximum intake-air quantity QHOmax is calculated on trie basis of 
the steady-state target intake-air-passage internal pressure stP, The parameter stP used at step.S1206 corresponds to 
j \ .A. the steady : sfete ^targetiritate-alr-pa^sage internal pressure 

- S803 of Fig. it. Thereafter, at step - S 1209* a check is made to deterrri^ - 

L r ing between control jmbfii^ time interval in; a similar manner as step 31 202.. When the 

45 answer to step S1 209 is affirmative ? (YES), that is, In case of the elapsed time > e , step S121 0 occurs. At step S121 0, 
an intake-valve opening tirne period JVF (= 180° crank angle x(tQH02/QH0max)) is calculated by multiplying a crank 
angle of 1 80 degrees from T.D.C (top dead center) to B.D.C. fbcttoi^l^^^ 'of the, ' . . .-• 

target intake-ajr quantity tQH02 needed during the second control mode to the maximum intake-air quantity QHOmax. 
' - : r Atstep SI 211, the tempo rHry ; intake-valye closure timing IVCO is calculated on tlte basis of the intake-valve opening • ,;' 
so time period IVP calculated at siep S1210. The temporary intake-yalve closure timing IVCO obtained through step S 121 1 
: corresponds to : such ah intkke-yaiye ^sure tinning th 

TQH02 under a particular condition where the Internal pressure in the intake-air branch passage 1 08 is adjusted to the 
• s .■ steady-state target }ntake-alr-passage internal pressure stP (set at Pb). At step SI 21 2, the tempomry InfS^-v^lve clo- 

sure timing IVCO itself is set as the target inteke-valve closure timing tlVC. Conversely, when the answer to step SI 209 
. 55 is negative (NO), that is, the elapsed time counted frorjn switching between control modes does not exceed the prede- 
termined time interval e, the subro^ine. proceeds from step S 1209 to step S 121 3. in trie same manner as step S1205, 
at step S1^1 $ feeihta 

TD C to B.D.C by a ratio (tQHd3/QH0max) of the target intake-air quantity tQH03 needed during switching between 
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control modes to the maximum intake-air quantity QHOmax. In the same manner as step S1 206, at step S1 214 the tem- 
porary intake-valve closure timing I VCO Is calculated on the basis of the Intake-valve opening time period IVP calculated 
at step S1 21 3; In the same manner as step S1 207, at step S1 121 5 a first-order lag processing of the response time con- 
stant Tfa Is made to the temporary intake-valve closure timing IVCO obtained through step S1214 to compute! the target 

5 intake-valve closure timing tlVC. 

[0037] Referring now to Figs. 20A - 20E, there are shown variations In the accelerator opening APS, the intake-air 
quantity (steady-state target Intake-air quantity stQHOI , real Intake-air quantity rQH01 , target intake-air quantity tQH02 
needed during the second control mode, mode-switching period target Intake-air quantity tQH03 needed during switch- 
ing between first and second contrpl modes), the internal pressure in the Intake-air passage (steady-state Intake-alr- 

w passage Internal pressure stP, actual internal pressure In the intake-air passage), the intake-valve closure timing (tem- 
porary Intake-valve closure timing IVCO, target Intake-valve closure timing tlVC), and the thrpttle opening (target throttle 
opening tTVO), obtained when the system operating mode is switched from first to second control mode during execu- . 
tlon of the Intake-air quantity 
eters APS, stQHbl , 

15 obtained when the system operating mode is switched from second to first control mode during execution of the Intake- 
* air quantity contrpl program of Rg. 6. 
[0038] in the time charts shown In Rgs. 20A - 20E, when the accelerator opening APS Increases rapidly at the time 
tO during the first control mode (see the rising edge of the accelerator-opening indicative voltage signal wave shown in 
Fig. 20A at tO). Owing to the rapid rise In the accelerator opening APS, the steady-state taiget intake-dr quantity 

20 stQHOI also increases rapidly (see F|g. 20B), but the quantity of Intake air actually drawn into the engine follows with a 
slight time delay (see a moderate ascending curve of the real intake-air quantity rQHpl of Fig. 20B after tO). Owing to 
the rapid increase in the steady-^ate target ihtake-airq 

increases rapidly (see the rising edge of the target throttle-opening indicative signal wave shown in Rg. 20E at tO). At 
this time, the target Intake-air quantity tQH02 increases depending on the Increase in the real Intake-air quantity rQH01, 

25 however the asymptotic line of the target intake-air quantity tQH02 Is positioned at a lower level than the steady-state 
target intake-air quantity stQHOI (compare the uppermost line indicative of the change in the parameter stQHOI with 
the lowermost characteristic curve indicative of the change in the parameter tQH02 In Rg 20B). This is because there 
is a difference in the intake-air quantity required to hold the engine output torque constant during switching from first to 
second control mode. Thereafter, when predetermined conditions needed to switch from first to second control mode is 

30 satisfied at the time tl , swrtchlng from first to second control mode occurs or initiates Upon initiation of the mode switch- 
ing from first to second control mode, first, the target intake-air quantity tQH03 needed during mode switching of the 
'■ intake>air quantity control is computed so that its initial value is set at the real intake-air quantity rQHOi^ calculated 
Just before the mode switching point t1 Then, the computed value of the mode-switching period target iritake-alr quan- 
tity tQHQ3 varies 1n accordance, with the ihtake-alrrpassage internal pressure changing characteristic having the 

35 response time constant Tb, so that the computed value of the target intake-air quantity tQH03 gradually approaches the 
target Intake-air quantity tQH02 needed during the second control mode (see the intersection between changing char- 
acteristics of the two paramo rQH01 ind tQH03 on the time t1, and compare the changing characteristic of the 
mode-sWttchlng period target Intake-air quantity tQH03 with the changing characteristic of the actual intake-alri)dssage 
; internal pressure estimated as the rearintake-alr-passage internal pressure rP of sensed directly by the pressure sen- 

4d sorafteni in Rgs 20B^ 

with the intake-alr-passage internal pressure changing characteristic of the response time constant Tb (see Rgs. 20C 
arid 20D> between ti and t2). That is to say, immediately before the mode switching point t1 ia Rgs. 20A - 20E, the target 
intakeTyaiye closure timing "tlVG is set at the basic intake-vaiye closure timing IVpb (see the floW from step S1201 via 
step S1 202 to step S1203 in Rg. 1 8). As soon as switching to the second control mode occurs at t1 , the target intake- 

45 valve closure timing tlVC begins to approach the temporary intake-valve closure timing IVCO (see the flow from step 
S1201 through steps S1 208, S1 209, S1 213 and S1214 to step S1215 in Rg 18) and see the characteristic curve of the 
target intake-valve closure timing tlVC indicated by the solid line and the characteristic curve of the temporary intake- 
VyaWeclos^ • 
valve closure timing tlVC^is maintained at the te 

so , S1209 through steps S1210 and S1211 to step S1212 in Rg. 18). i , X ■ 

On the other hand, as seen in Rgs. 21A- 21E, when the system operating mode is switched from second to first control 
mode at the time t5, first of all, the target intake-air quantity 

frty control is computed so that its initial value is set at the target intake-air quantity tQH02( O | d ) calculated Just before the 
\ nibtie^ 

55 intake-air-passage internal pressure changing characteristic having the response time constant Tb, so that the com- 
puted Value of the target intake-air quantity tQH03 gradually approaches the reaJ intake-air quantity rQHOI needed dur- 
ing the first control mode ^ changing characteristics of the two p^ and 
tQH03 on the time t5, and compare the changing characteristic of the mode-switching period target intake-air quantity 
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tQH03 with the changing characteristic of the actual intake-air-passage internal pressure estimated as the real intake- 
air-passage Internal pressure rP or sensed directly by the pressure sensor after t5 in Figs. 21 B and 21 C). Additionally, 
the target intake-valve closure timing 1 1 VC Is computed in accordance with the Intake-air-passage Internal pressure 
changing characteristic of the response time constant tb (see Figs. 21 C and 21 D between t5 and 16). From the begln- 
/ 5 nlng of switching to the second control mode, that Is, from the mode switching point t5, the target intake^valve closure 
timing tlVC begins to approach the temporary intake-valve closure timing IVCO (see the flowfrom step S1201 through 
steps S1202, $1204, S1g05 and S1206 to step SI £07 In Rg. 18) arid see the characteristic curve pf the target Intake- 
. yalye closure timing tlVC indicated by the solid line and the characteristic curve of the temporary intake-valve closure 
timing IVQO indicated by the broken line between t5 and t£ In Fig. 21 D) After the time t6, the target intake^valve closure 
to timing tlVC is kept at the basic intake-valye closure timing IVCb (see the flow from S1202 to step S1 203 in Rg. 1 8). On 
the other hand, the target throttle opening tTVO varies in accordance with the changing characteristic of the target 
!ntake-alr quantity tQH02 during the time period between t4 and t5, that Is, during the second control mode (see the flow 
from step S110i through steps S1 102 and $1103 to ^ 

terlstic pf the steady-state target intake-air quantity stQHOI from t5 that is, after switching to the first mode (see the flow 

1S from step S1 101 through steps Si 104 and $11 05 to step Si 106). 

[0039] Referring now to Rg. 22, there Is shown another arithmetic-calculation subroutine for the target intake-valve 
closure timing tlVC. In order to arithmetically calculate the target intake-valve closure timing tlVC, the IVC arithmetic 
routine shown in Rg. 1 8 uses the steady-state target intake-air quantity stQHOI . calculated through the subrouting 
(steps S801 ^ S803) of Rg. 1 1 , whereas the tlVC arithmetic routine shown in Rg. 22 uses X\\e real intake-air quantity rP 

20 actually sensed by the pressure sensor 129 The control system can use the program shown in Rg 22, only when the 
pressure sensor 129 has a satisfactory response characteristic and an adequate accuracy of pressure-measurement 
At step SI 221 , the real Intake-air-passage infernal pressure rP derived from the sensor signal f rom the pressure sensor 
129 is read, and then a maximum intake-air quantity QHOmax is calculated or retrieved on the basis of the real Intake- 
air-passage Internal pressure rP. In the shown embodiment, the same preprogrammed characteristic map as shown in 

25 i Fig 15 can be used as a characteristic map showing how the maximum intake-air quantity QHOmax has to be varied 
relative to the real intake-air-passage internal pressure rP. In case that the maximum intake-air quantity is calculated or 
retrieved on the basisjof the real intake-air-passage internal pressure if> the maximum intake-air quantity QHOmax is 
equivalent to a value indicative of a maximum possible quantity of intake air actually drawn into ti>e engine. At step 
SI 222, a check is made tb determine whether the finrt control mode is selected W 

30 ^ep S1 223 occurs At step S1223/a 
f ' betweeh control modes exceeds a predetermined time interval e 7 in case of the elapsed time > e, the subroutine pro- 
ceeds frpm step SI 2£3 to step SI 224 At step S1224, the target intake^yalve closure timing tlVC is set at the basic 
intake-valye closure timi^ 
=; oa^ mode has already been completed and thu 

35 at the first control mode, and substantially corresponds to the flowfrom step S1201 via step S1202 to step S1 203 in 
Fig. 18;arid corresponds to the range from t6 in ^ 
\: - Negative, the subroutine flows from step S1223via step S 1225 to step S1226. in the same manner as step ^1205, at 
step Sl225 an intaWe-valve opening time period iVP (a time interval between IVO and JVC) is calculated by an expres- 
sion IVP ^180° crank angle ^ 

\46 Jated on the bisis of the Irteke-valve opening time ^ 

' : the subroutine of Fng^22,.the.targiBt ihtake : valye closure timing tiycian be <»lculked.directly. on the/basis of the Intake- 
.. valve opening time period IVP, without calculating a temporary Intake-valve closure timing IVCO as set forth above. The 
flow from step S1 223 via step S1 225 to step S1 22 

from ^cond to first control mode initiates, and substantially corresponds to <he flow from step S1202 through steps 
.45 S1204, £1205, andS1206to step S1207 in Fig; 18 and corresponds to the range between tS and t6 in the time chart 
/shown in Fijg. 21 ID.Whenjhe answer to. step S1222 is.negative, the subroutine advances to step S1 227. At step S1^ 
; - , a check Is made to determine Whether ah elapsed time counted from switching between control modes 
exceeds the predetermined 'tirhe ! ihteryaVev When the answer to step S1227 is affirmative, step SI 2^8 pcduri. In the 
same .manner^ as stepr 61210 of Fig. 18, at step S1228- an intake-valve: opening 1 time period 
so IVP (=180° cmnk angle x(tQHp2/QH0rnax)) is calculated by multiplying a cmnk ang^ from T.D.C. to 

B.DJC. by a ratio tQH02/QH0max. Then, : at step S1 229, the target Intake-valve closure timing t) VC is calculated on the 
basis O^f.tHje Ihtaka-valve opening time period IVP calculated at step S1228 The flow from itep S1 222 through steps 
S1227 and S1228 to step S1229 in Fig. 22 occurs when the switching operation to second control mode has already 
been dompjeted and tf^ atthe;se^ flow 

55 from step S1201 through steps S1208, S1209, S1210, and S1211 to step S1212 in Fig. 18 and corresponds to the * 
range from t2 in the tirne chart shbwh lrl Fig. 20D On the other hand, an^erto ^ap SI ^7 is negative, step 

SI 230 occurs* in the same manner as step S1225, at ^t4p S1230 an I htake-valve "opening time period 
IVP (= 180° crank angle x (tQH03/QH0max)) is calculated by multiplying a crank angle of 180 degrees from TD.C. to 
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B.D.C. by a ratio tQH03/QH0max. Thereafter, at step S1231 , the target Intake-valve, closure timing tlVC Is calculated 
on the basis of the Intake-valve opening time period IV P calculated at step S1230. The flow from step S1227 via step 
S1 230 to step S 1 231 In Rg. 22 occurs for a brief moment from the time when switching from first to second control 
mode initiates, and substantially corresponds to the flow from step S1 209 through steps S1213 and S1214 to step 
5 S12151n Rg. 1 S and corresponds to the range between t1 and t2 In the time chart shown In Rg. 20D. 

[0040] As will be appreciated from the above, according to the intake-air control apparatus of the Invention, it Is pos- 
sible to provide equalized or balanced engine torque characteristics with respect to an operation of the engine's manip- 
ulator (an equalized torque response to an operation of the engine's manipulator and an equalized magnitude of engine 
output torque with respect to an operating amount of the engine's manipulator), irrespective of whether the selected 
to intake-air quantity control mode is the first control mode or the second control mode; Additionally, It Is possible to switch 
between the first and second control modes without any engine-torque difference. Furthermore, In the apparatus of the 
invention, the basic Intake-valve closure timing IVCb is set at ah intake-valve closure timing at which a maximum charg- 
ing efficiency of Intake air entering the engine is obtained, and therefore It is possible to effectively Increase the engine 
output torque when the first control mode Is selected. Also, the baste pressure Pb Is set at a pressure level substantially 
15 corresponding to an atmospheric pressure, and thus it is possible to largely lower a fuel consumption rate measured 
during the second control mode in comparison with that measured during the first control mode. Moreover, in the appa- 
ratus of the invention, a first-order lag processing of the first response time constant Ta based on the basic Intake-valve 
closure timing IVCb Is made to the steady-state target engine torque stTe, and thus it Is possible to provide an equalized 
torque response to an operation of the engine's manipulator by way of a comparatively simple arithmetic operation, irre- 
20 spective of the selected control mode . Also, a first-order lag processing of the second response time constant Tb based 
on the target intake-valve closure timing tlVC is made to the steady-state target intake-air-passage internal pressure 
stP, and thus it is possible to attain an equalized magnitude of engine output torque with respect to an operating amount 
of the engine's manipulator by way of a comparatively simple arithmetic operation, irrespective of the selected control 
mode. The apparatus of thejnvention may use a sensor signal from a pressure sensor having a high measurement 
25 accuracy and a high sensing response for measurement of an internal pressure in the Intake-air passage. In this case, 
a high-accuracy pressure sensor is required, however, it is possible to more simplify the arithmetic operation needed to 
, provide -an equalized magnitude of engine output torque with respect to an operating amount of the engine's manipula- 
tor by way of a comparatively simple arithmetic operation. Furthermore, according to the apparatus of the invention, a 
first-order lag processing of the first response time constant Ta is made to the steady-state target intake-air quantity 
30 stQHOi , and additionally the target intake-air quantity tQH02 is calculated by compensating for the real intake-air quan- 
tity rQHOf utilizing a pumping-ioss difference correction factor PUMP1 , thus enhancing the accuracy of the intake-air 
quantity control Similarly, a first-order Jag processing of the first response time constant Ta is made to the steady-state 
target intake-air quantity stQH01 , and additionally the taipeHntake-air quantity tQH02 is calculated by compensating 
for the real intake-air quantity rQH01 utilizing a combustiohrefficiehcy difference correction factor k, thus enhancing the 
35 accuracy of the ihtakerdir quantity control. Also, the apparatus of th§ invention calculates and uses the mode-switching 
period target Intakerair quantity tQH03 needed during switching between control modes* The use of the mode-switching 
period target intake-air quantity is effective taenable a smooth switching operation between the first and second control 
modes without any engine torque difference. Moreover, when switching from first to. second control mode, the mode- 
switching period target Intake-air quantity tQH03 is calculated by making a first-order lag processing of the second 
40 response time constant Tb based on the target intake-valve closure timing tlVC tb the real Intake-air quantity rQH01 cal- 
culated just before switching to the s econ d co ntrbl mode arid the target intake-air quantity tQH02 calculated after 
switching to the second control mode Conveirsely, when switching from second to first control mode* the mode-switch- 
ing period target Intake-air quantity tQH03 b ^lculated by making a first-order lag processing of the second response 
time cbhstarit Tb to the target intake-air; quantify tQH02 calculated just before switching to the first control mode and the 
45 real intake-air quantity rQHOI calculated after switching to the first control mode. Such arithmetic operations are com- 
paratively simple, but contributes to the avoidance of ehgine-tbrqge difference when the system operating mode is 
switched fr6m first to second control rro 

Irttake-yalye closure timing IVC0 based pri both the mode-switching period target intake-air quiantity tdH03 and the 
steady-state target intake-air-passage internal pressure stP, and the target intake-valve closure timing tlVC needed dur- 
50 ing switching between the first ^d secohd control modes is ralciijatecl by making a flis^^r lag jp 
ond response time constant 11d to the temporary intake-varve closure timing 

sbcohd bontroi mbdes occurs ; Isbch arithm^ are cpmparativeiy simple, but provides the same effects (the 

avoidance of engine-torque difference during switching between the first and second control modes) as discussed 

• ■' above... w " " ' -.' . • ■■ .. ' L . . ... I f : f y\ •' " "... v. • . 

55 [0041] While the foregoing is a description of the preferred embodiments carried out the Invention, it will be under- 
stood that the invention is not limited to the particular embodiments shown and described herein, but that various 
changes and modifications may be made without departing from the scope or spirit of this invention as defined by the 
following claims. 
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' Claims 

1 1 An Intake-air quantity control apparatus for an Internal combustion engine with a variable valve timing system com- 
prising: 

- . ' ' ' ■ '". • ( " V - • . ' . * .' ' ' 

; . a throttle valve disposed In an Intake-air passage Of the engine and controlled so that a throttle opening of said 
throttle valve is brought closer to a target throttle opening (tTVO); . 

an intake valve disposed between the Intake-air passage and a combustion chamber of the engine and con- 
trolled so that an Intake-valve closure timing of said iritake valve is brought close tq a target Intake-valve do- 
to sure timing (tlVC); and . 



(a) selecting one of a first control mode in which an intake-air quantity of the engine is controlled by adjust- 



is theer 

(b) calculating a steady-state target engine torque (stTe) based on operating conditions (APS, Ne) of the 
engine, the steady-state target engine torque (stTe) indicating a steady-state target value of engine torque; 

(c) calculating a target engine torque (tTe) based on the steady-state target engine torque (stTe), the target „ 
engine torque (tjfe) following the steady-state target engine torque (stTe) with a predetermined time delay; 

20 (d) setting a steady-state target intake-valve closure timing (stIVC) at a basic Intake-valve closure timing 



indicating a steady-state target value of the intake-valve closure timing; 

(e) calculating a steady-state target intake-air-passage Interna] pressure (stP) based on both the steady- 



25 first control mode is selected, the steady-state target Intake-air-passage Internal pressure (stP) Indicating 

a steady-state target value of an internal pressure in the intake-air passage; 
. (f) setting the steady-state tairget liitake-^ir-pas^age internal pressure (stP) at a basic pressure (Pb) when 
the second control mode is selected; , . 

(g) calculating the steady-state target intake-valve closure timing (stIVC) (based on both the target engine 



(h) obtaining a real intake-air-passage internal pressure (rP), the real intake^r-passage Internal pressure/ 
(rP) indicating an actual internal pressure in the intake-air passage; 

0) calculatih0 the target throtti opening (tTVO) based ph both the steady-state target intake-valve closure 
(j) calculating the target intake-yaive closure timing (tlVG) based on both the target engine torque (tTe) and 



1 % 2. The intake-a)r q^ i n claim J /wherein the basic intake-valve closure timing (I VCb) 

40' /v ^ ifn^imurmcK^ 
obtained. \ . ' 

. / • _ 3. . THe Intake-air quantity control apparatus as claimed in claim 1, wherein the basic pressure (Pb) is set at a pressure 
level substantially corresponding to an atmospheric pressure. ; * 



4. The intake-air quantity control apparatus as claimed in claim 1 , wherein said microprocessor is further progn 




internal pressure in the l intake^air passage ■withvrespecttoTaxhahgelnthe^throttle opening of said throttle valve; 

(I) calculating the target engine torque (tte) by making a first-Order lag processing of the first response time 
constant (Ta) to the steady-state target engine torque (stTe). " " . ■ 

5, The intake-air quantity poritrpl apparatus as claimed in dlaim 1 , wherein said microprocessb> is further programmed 
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(m) calculating a second response time constant (Tb) based on the target Intake-valve closure timing (tlVC), 
the second response time constant (Tb) Indicating a time constant determining a response delay of a change 
In the Internal pressure In the Intake-air passage with respect to a change In the throttle opening of said throttle 
valve; and 

5 (n) calculating the real Intake-alr-passage Internal pressure (rP) by making a first-order lag processing of the 

second response time constant (Tb) to the steady-state target Intake-alr-passage Internal pressure (stP). 

6. The Intake-air quantity control apparatus as claimed In claim 1 , which further comprises a pressure sensor sending 
a sensor signal Indicative of a real Internal pressure In the Intake-air passage to said microprocessor, and wherein 
10 said microprocessor Is further programmed for: 

(o) obtaining the real Intake-alr-passage Internal pressure (rP) based on the sensor signal from said pressure 
sensor. . ' 

ts 7. An Intake-air quantity control apparatus for an Internal combustion engine with a variable valve timing system com- 
prising: 

a throttle valve disposed In an Intake-air passage of the engine and controlled so that a throttle opening of said 
throttle valve Is brought closer to a target throttle opening (tTVO); 

an Intake valve disposed between the Intake-air passage and a combustion chamber of the engine and con- 
trolled so that an Intake-yaive closure timing of said Intake valve Is brought close to a target intake-valve clo- 
sure timing (tlVC); aind 

a microprocessor programmed to perform the following: 

(a) selecting one of a first control mode In which an intake-air quantity of the engine is controlled by adjust- 
ing the throttle opening of said throttle valve, and a second control mode In which an intake-air quantity of 
the engine is controlled by adjusting the intake-valve closure timing of said intake valve; 

(b) calculating a steady-state target intake-air quantity (stQHOt) based on operating conditions (APS, Ne) 
of the engine, the steady-state target intake-air quantity (stQHOI) indicating a steady-state target value of 
intake-air quantity needed wheri the first control mode is selected; 

(c) calculating & target Intake-air quantity (tQH02) based on the steady-state target intake-air quantity 
(stQHOI), the target Intake-air quantity (tQH02) indicating a target value of Intake-air [.quantity needed 
when the second control models selected; 

(d) calculating the target throttle' opening (tTVO) based on the steady-state .target Intake-air quantity 
(stQHOI) when the first control itiode is selected; 

(e) setting the target iritake-valVe 'closure timing (tlVC) at a basic Intake-valye closure timing (IVCb) when 
the first control mbde is selected; 

(f) setting the target throttle opening (tTVO) at a predetermined throttle opening when the second control 
mode is selected, the predetermined throttle opening indicating a throttle opening of said throttle valve at 
which the internal pressure in tHe intake-air passage becomes the basic pressure (Pb); and . 

(g) calculating the target intake-valve closure timing (tlVC) based on the target intake-air quantity (tQH02) 
when the second control mode S$; selected. 

8. The intake-air quantity control apparatus ja)s claimed in dlalnri 7, whereip the basic intake-valve closure timing (IVCb) 
45 . is an intake-valye closure timing at which a maximum charging efficiency of intake air entering the engine is 

obtained. " 

9. The intake-air quantity control apparatus as claimed, in claim 7, wherein the basicpressure (Pb) is set at a pressure 
level substantially correspond^ 

so -.' ]. v ... .'• /' . . ';. t m . -V ■.. ■ • ; ';. v ' ' ' • '■ 

10. The intake-air quantity control apparatus as claimed in claim 7, wherein said microprocessor is further programmed 

for: '/ ' ./ ■ ' ' ' , .. •' " 

(h) calculating a first response time constant (Ta) based on the basic intake-Valve closure timing (IVpb), the 
55 first response time constant (Ta) indicating a time constant determining a response delay of a change in the . 

internal pressure in the intake-air passage vvith respect to a change in the throttle opening of said throttle veitve; 

(i) calculating a real ihtkkiB-airquantifly : (rQH01) by a first-order lag processing of the first response time 
constant (Ta) to the steady-state tariget intake-air quantity (stQHOI); and 
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(j) calculating the target intake-air quantity (tQH02) by making a first compensation to the real intake-air quan- 
tity (rQH01 ), the first compensation being based on a pumping-loss difference correction factor (PUMP1) indic- 
ative of a difference In pumping loss between the first and second control modes. 

1 1 . The intake-air quantity control apparatus as claimed In claim 7, wherein said microprocessor is further programmed 
for: 

(h) calculating a first response time constant (Ta) based on the basic intake-valve closure timing (IVCb), the 
first response time constant (Ta) indicating a time constant determining a response delay of a change in the 
internal pressure in the Intake-air passage with respect to a change In the throttle opening of said throttle valve; 
(1) calculating a real intake-air quantity (rQH01 ) by making a first-order lag processing of the first response time 
constant (fa) to the steady-state target lnta(ce-alr quantity (stQHOI); and 

(j) calculating the target intake-air quantity (tQH02) by making a second compensation to the real intake-air 
quantity (rQH01 ), the second compensation being based on a combustion-efficiericy difference correction fac- 
tor (k) indicative of a difference in combustion efficiency between the first and second control modes. 

1 2. The intake-air quantity control apparatus as.claimed in claim 7, wherein said microprocessor is further programmed 

for: • • \ • '■• •* . '. * 

- (h) palculating a mode-switching period target intake-air quantity (tQH03) needed during switching between the 
first and second control modes, the mode-switching period target intake-air quantity (tQH03) Indicating a target 
value of intake-air quantity needed during switching between the first and second control modes; 
0) calculating the target intake-valve closure timing (tlVC) needed during switching between the first and sec- 
ond control modes on the basis of the mode-switching period target intake-air quantity (tQH03) when switching 
••between the first and second control modes occurs. 

13. The intake-air quantity control apparatus as claimed in claim 12, wherein sstfd microprocessor is further pro- 
grammedfor: v r ^ .y'- y -:- S' .. ' .. . % :■ . l ' : . 

0) calculating a first response time constant (Ta) based on the basic intake-valve closure timing (IVCb), the first 
response time constant (Ta) indicating a time constant determining a response delay of a change in the Internal 
pressure in the intake-air passage with respect to a change la the throttle opening of said throttle valve; 
(k) calculating a real intake-air quantity (rQH01) by making a first-order lag processing of the first response 
time constant (Ta) to the steady-state target intake-air quantify (stQHOI); and 

> (I) calculating the mpde-swrtching period target intake-air quantity (tQH03) based on both the target intake-air 
quantity (tQHfe) and the real intkke-air quantity (rQH01 ) 

14. The intake-air quantity control apparatus as claimed in claim 13, whehsih said microprocessor is further pro- 
" grammed for: ;A . ."* l < iy. - 7" v : -V ?•*"• V."*' ; ,.V!" V-V »v vV 

(m) calculating a second response time constant (Tb) based on the target intake-valve closure timing (tlVC), 
the second response time constant (Tb) indicating a time constant determining a response delay of a change 
_ in the internal pressure, rn the intake air passage with respect to a change in the throttle opening of said throttle 
valve; 

(n) calculating the mode-switching period target intake-air quantity (tQH03) by making a first-order lag process- 
ing of the second response time constant (Tb) to the real intake-air quantity (rQHOt) calculated just before 
. . .:' switehin^ after switching to 

the second cohtfol nfiode when an intake-air control mode is' switched from the first control mode to the second 
control rnode; and 1 , , . , • ' : : -V 

; (o)calculating the mode-switching period target intake-air quantity (tQH03) 'by making ^ first-older lag process - 
ing of the second response time constant (Tb) to the target intake-air quantity (tQH02) calculated just before 
switching to the first control mode and the rear intake-air quantity (rQH01 ) celculated after switching to the first 
control mode when the intake-air control mode is switched from the second control mode to the first control 
. //4/mpdav'.- ! .-- : •-' " ' ." ''a', -j •'■ ■'■ • 

15. The intake-air quantity Control apparatus as claimed in claim 14, wherein said microprocessor is further pro- 
' gramnhied for: "' : 
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(p) calculating a steady-state target intake-alr-passage internal pressure (stP) based on the steady-state target 
Intake-air quantity (stQHOI) when the first control mode is selected, the steady-state target Intake-alr-passage 
Internal pressure (stP) Indicating a steady-state target value of the Internal pressure In the intake-air passage; 
(q) setting the steady-state target Intake-alr-passage internal pressure (stP) at the basic pressure (Pb) when 

s the second control mode Is selected; 

(f) calculating a temporary intake-valve closure timing (IVCO) based on both the mode-switching period target 
Intake-air quantity (tQH03) and the steady-state target Intake-alr-passage Internal pressure (stP), the tempo- 
rary Intake-valve closure timing (IVCO) Indicating such an Intake-valve closure timing that an Intake-air quantity 
becomes the mode-switching period target Intake-air quantity (tQH03) under a particular condition where the 

10 interna} pressure in the intake-air passage Is identical to the steady-state target intake-air-passage internal 

pressure (stP); and v 

(s) calculating the target intake-valve closure timing (tlVC) needed during switching between the first and sec- 
ond control modes by making a fi recorder lag processing of the second response time constant (Tb) to the 
temporary intake-valve closure timing (IVCO) when switching between the first and second control modes 
is •' occurs. 'V 

16. The intake-air quantity control apparatus as claimed in claim 1 2, which further comprises a pressure sensor sens- 
ing a real Intake-alr-passage internal pressure (rP) indicative of an actual Internal pressure In the Intake-air pas- 
sage, and wherein said microprocessor is further programmed for:. 
20 . ( ■ m ' 

(o) calculating the target intake-valve closure timing (tlVC) needed during switching between the first and sec- 
ond control modes based on both the mode-switching period target intake-air quantity (tQH03) and the real 
intake-air-passage internal pressure (rP) when switching between the first and second control modes occurs. 

25 17. An intake-air quantity control apparatus for an internal combustion ehglne with a variable valve timing system com- 
prising: 

a throttle valve disposed in an intake-air passage of the engine and controlled so that a throttle opening of said 
throttle valve is brought closer to a target throttle opening (tTVO); 
30 an intake vaive disposed between the intake-air passage and a combustion chamber of the engine and con- 

trolled so that an intake-valve closure timing of said intake valve is brought cldse to a target intake-valve clo- 
sure timing (UVC); and 

a microprocessor programmed to perform the following: 

35 (a) selecting one of a first control mode in which an intake-air quantity of the engine is controlled by adjust- 

ing the throttle opening of said throttle valve, and a second control mode In which an intake-air quantity of 
the engine is controlled by adjusting the intake-valve closure timing of sai^ 

(b) calculating a desired value of the jntake-alr quantity based on operating conditions (APS, Ne) of the 
engine, in accordance with a predetermined time-delay charaoteristic between initiation of adjustment of 

40 the throttle opening of siaid throttle valve and an actual change In an internal pressure in the intake-air pas- 

sage; ; . '>■-.■' *.'""'*•■ : ' t j V . 

(c) calculating a target throttle opening (tTVO) based on the operating conditions when the first control 
mode is selected; 4 ; \ 

(d) setting a target intake-valve closure timing (tlVC) at a basic intake-valve closure timing (IVCb) when the 
45 first control mode is selected; 

(e) setting the target throttle opening (tTVO) at a predetermined throttle openihg when the second control 
• '.. ■■ , mode4s selerted; and ; v \ ; ;^' : V*-. /.-?'• ' ~ v\ . .:• 

(f) calculating the target intake-valve closure timing (tlVC) based oh the desired value of the intake-air 
quantity when the second control mode is selected 

18. The intake^air quantity control apparatus as claimed in claim 17, wherein the basic intake-valve closure timing 
(IVCb) is an intake-valve closure timing at which a maximum charging efficiency of intake air entering the engine is 
' obtained. ' ' 

55 19. The intake-air quantity control apparatus as claimed in claim 17, wherein the basic pressure (Pb) is set at a pres- 
sure level substantially corresponding to an atmospheric pressure. 

20, The infake-air quantity control apparatus as claimed in claim 17, wherein said microprocessor is further pro- 
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grammed for: 



(g). calculating a response time constant (ta) based on the basic Intake-valve closure timing (IVCb), the 
response time constant (Ta) indicating a time constant determining a response delay of a change in the internal 
pressure in the intake-eJr passage With respect to a change In the throttle opening of said throttle valve; and 
(hj calculating toe desired yalue of the Intake-air quahflty by making a first-order lag processing of the response 
time constant (Ta) to a eteaxly-state target intake-air quantity (stQHOI ) based on the operating conditions of the 
engine.'; 



w 21. The intake-air quantity poritrbi apparatus as claimed in claim 20, wherein said microprocessor is further pro- 
grammedfor: . V 



(j) calculating the desired Intake-air quantity by making at least one of first and second compensations to the 
real intake-air quantity (rQH01), the first compensation being based on a pumping-loss difference correction 
is factor (PUMP1 Vindicative of a difference in pumping loss between the first and second control modes, and the 

second compensation being based on a combustion-efficiency difference correction factor (k) indicative of a 
difference in combustion efficiency between the first andsecpnd control modes 
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